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The  project  would  include  a  rolled  earth  type  dam  across  the  Pembina  River  about 
miles  southwest  of  Walhalla,  North  Dakota.  The  reservoir  would  have  a  controllei 
storage  capacity  of  147,000  acre-feet  of  which  15,000  acre-feet  would  be  in  an 
800  surface  area  conservation  pool.  Flood  storage  would  result  in  a  72-percent 
reduction  in  projected  average  annual  equivalent  damages  through  the  control  of 
floods  with  a  frequency  of  once  in  36  years  or  less,  and  the  reduction  of  larger 
:ss  frequent  floods.  The  project  would  result  in  the  permanent  inundation  of 
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SUMMARY 

PEMBILIER  LAKE  AND  DAM 
PEMBINA  RIVER  BASIN 
NORTH  DAKOTA 


(  )  Draft  Environmental  Impact  Statement  (  )  Revised  Draft  Environmental  Statement 

(X)  Final  Environmental  Impact  Statement 


Responsible  Office: 


St.  Paul  District,  Corps  of  Engineers 
1135  U.S.  Post  Office  and  Custom  House, 
St.  Paul,  Minnesota  55101 
Telephone:  612-725-7505 


1.  Name  of  Action  (X)  Administrative 


(  )  Legislative 


2.  Descr  .  tion  of  Action:  The  project  would  include  a  rolled  earth  type 
dam  across  the  Pembina  River  about  2  miles  southwest  of  Walhalla,  North 
Dakota,  near  the  Cavalier-Pembina  County  Line.  The  reservoir  would  have 
a  controlled  storage  capacity  of  147,000  acre-feet  of  which  15,000 
acre-feet  would  be  in  an  800  surface  area  conservation  pool.  Storage 
within  the  conservation  pool  would  be  allocated  to  water  supply,  recrea¬ 
tion,  and  sedimentation.  Discharges  during  normal  operation  would 
utilize  a  multiple-gated  intake  structure. 


3.  a.  Environmental  Impacts:  Flood  storage  would  result  in  a  72- 
percent  reduction  in  projected  average  annual  equivalent  damages  through 
the  control  of  floods  with  a  frequency  of  once  in  36  years  or  less,  and 
the  reduction  of  larger,  less  frequent  floods.  Allocated  storage  in 
the  conservation  pool  would  satisfy,  to  some  degree,  the  basin  need  for 
an  increased  and  dependable  water  supply.  Recreational  benefits  are 
expected  through  utilization  of  the  conservation  pool  and  surrounding 
project  lands.  Land  quality  in  the  floodplain  is  expected  to  increase 
due  to  reduced  sheet  erosion.  Benefits  of  a  qualitative  nature  would 
occur  to  residents  of  the  floodplain  through  reduced  anxiety  and  dis¬ 
ruption  of  normal  life  patterns  during  flood  events.  In  addition,  ten¬ 
sions  between  Canadian  and  United  States  residents  of  the  basin  are  ex¬ 
pected  to  lessen  due  to  a  reduction  in  the  frequency  of  flooding. 

b.  Adverse  Environmental  Effects:  The  project  would  result  in  the 
permanent  inundation  of  about  800  acres  of  the  valley,  including  365 
acres  of  woodlands,  355  acres  of  agricultural  lands,  and  9.5  miles  of 
free  flowing  river.  At  design  flood-pool,  an  additional  2,400  acres  of 
the  valley  and  11.5  miles  of  river  would  be  inundated  for  varying  dura¬ 
tions.  Flood  storage  would  result  in  the  modification  and/or  destruction 
of  existing  valley  habitat  and  would  significantly  affect  wildlife  popu¬ 
lations  beyond  the  limits  of  the  design  flood  pool.  Significant  wildlife 
affected  would  include  white-tailed  deer,  ruffed  grouse,  wood  ducks. 


ii 


and  beaver.  Preliminary  information  indicates  that  the  reservoir  would 
be  eutrophic.  The  project  would  require  the  relocation  of  persons  from 
2  farmsteads  and  residences  within  the  project  take-line.  The  aesthetic 
qualities  of  the  valley  would  be  significantly  affected.  Personal 
preference  would  dictate  whether  this  impact  was  positive  or  negative. 


4.  Alternatives  to  the  Proposed  Action:  The  nonstructural  alternatives 
to  the  proposed  plan  include:  (1)  Base  Condition  (no  action):  (2)  Flood 
Warning  and  Forecasting  Services  and  Emergency  Protection:  and  (3)  Flood- 
plain  Evacuation  and  Flood  Proofing.  Structural  alternatives  include: 

(4)  Proposed  Project;  (5)  Pembilier  "Dry"  Dam;  (6)  Small  Reservoirs  on 
Mainstem  Tributaries;  (7)  Boundary  Floodway;  (8)  Floodway  in  Lower  Reach 
of  Pembina  River;  (9)  Channel  Modifications;  (10)  Levees  at  Neche;  (11) 
Levees  at  Neche  and  Agricultural  Levees;  (12)  Combination  of  Levees  and 
Boundary  Floodway;  (13)  Combination  Levees  and  Reduced-Size  Pembilier 
Dam;  (14)  Combination  of  Boundary  Floodway  and  Reduced-Size  of  Pembilier 
Dam;  (15)  National  Economic  Development  (NED)  Plan;  and  (16)  Environmental 
Quality  (EQ)  Plan. 


5.  Coordination 

a.  A  list  of  those  Federal,  State  and  local  agencies  and  citizens 
and  environmental  groups  who  were  furnished  copies  of  the  draft  statement 
appears  on  page  108- 

b.  A  list  of  those  who  furnished  comments  on  the  draft  statement 
is  on  page  111. 


6.  a.  Draft  Statement  to  CEQ:  30  July  1975. 

b.  Revised  Draft  Statement  to  CEQ:  20  May  1977. 

c.  Final  Statement  to  CEQ: 
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REVISED  DRAFT 

ENVIRONMENTAL  IMPACT  STATEMENT 
PEMBILIER  LAKE  AND  DAM 
PEMBINA  RIVER  BASIN 
NORTH  DAKOTA 


1.000  PROJECT  DESCRIPTION 

1.001  Introduction  -  The  purpose  of  the  proposed  project  is  to  reduce 
economic  damage  and  social  problems  associated  with  floods  on  the 
Pembina  River  through  the  construction  of  a  rolled  earth-fill  dam  and 
associated  structures  on  the  Pembina  River  about  2  miles  southwest  of 
Walhalla ,  North  Dakota,  near  the  Ca valier-Pembina  County  Line.  (exhibit 
2).  The  resulting  impoundment  is  designed  to  satisfy  to  varying  degrees 
the  basin  needs  of  flood  control,  water  supply  and  recreation.  The  pro¬ 
posed  project  provides  for  construction  of  an  earthen  dam,  multiple-gated 
outlet  structure,  emergency  spillway,  road  modifications,  recreation 
facilities,  and  the  purchase  of  wildlife  compensation  areas. 

1.002  Dam  -  The  dam  would  be  an  earthrfill  structure  with  an 
impervious  core  and  cutoff  trench.  The  dam  would  have  a  maximum 
height  of  150  feet  from  the  river  bed  to  the  top  of  the  fill  at 
elevation  1106  (all  elevations  are  feet  above  mean  sea  level)  and  an 
overall  length  of  approximately  2,090  feet.  The  slope  of  the  up¬ 
stream  face  would  be  riprapped  with  filter  blanket  down  to  an  elev¬ 
ation  of  1005  (5  feet  below  the  conservation  pool) .  The  top  of  the 
dam  and  the  downstream  face  to  an  elevation  of  981.3  would  be  pro¬ 
tected  with  sod  established  by  topsoiling  and  seeding.  Below  elev¬ 
ation  981.3,  riprap  with  filter  blanket  would  be  used  for  tail- 
water  erosion  control. 

1.003  Outlet  Works  and  Spillway  -  The  low-flow  outlet  works  would 
consist  of  a  circular  conduit  through  the  north  (left)  abutment  of  the 
earthen  embankment  section.  The  conduit  would  be  10.0  feet  in  diameter 
and  would  have  an  invert  elevation  of  970.  There  would  be  a  multi-gated 
inlet  tower  at  the  upstream  end  of  the  conduit  to  control  the  discharges. 
The  discharge  capacity  of  the  conduit  at  the  conservation  pool  elevation 
(1010)  would  be  2,200  cubic  feet  per  second  (cfs).  The  discharge 
capacity  would  then  increase  gradually  up  to  4,000  cfs  at  the  design 
flood  elevation  of  1080.  When  floods  in  excess  of  the  design  flood 
were  experienced,  the  emergency  spillway  would  be  utilized  to  pass 
flows  in  excess  of  those  being  discharged  through  the  low-flow  conduit. 

1.004  The  emergency  spillway  would  consist  of  a  fixed  crest  spillway 
consisting  of  an  uncontrolled  ogee  section  discharging  into  a  rec¬ 
tangular  concrete  chute  and  stilling  basin  on  the  south  (right) 
abutment.  The  spillway  crest  would  be  at  elevation  1080  and  would  be 
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129  feet  long.  The  spillway  outlet  channel  would  be  approximately 
740  feet  long  with  an  85-foot  long  stilling  basin  at  the  bottom.  The 
stilling  basin  and  the  outlet  channel  apron  would  be  constructed  of 
reinforced  concrete. 


1.005  Reservoir  -  The  reservoir  created  by  the  construction  of  the 
Pembilier  Dam  would  have  a  total  of  147,000  acre-feet  of  controlled 
storage.  Of  this  amount,  126,000  acre-feet  would  be  reserved  exclu¬ 
sively  for  flood  control.  Of  the  remaining  19,000  acre-feet,  11,000 
ac:e-feet  is  allotted  to  sedimentation  storage  over  the  100-year 
eci  ',mic  life  of  the  project  and  4,000  acre-feet  in  the  conservation 
pool  would  be  reserved  for  water  supply,  recreation,  and  wildlife, 
wTith  water  supply  receiving  top  priority  (conservation  pool  is  15,000 
acre-feet).  An  additional  4,000  acre-feet  of  sedimentation  is  anticipated 
outside  the  conservation  pool  over  the  100-year  period. 

1.006  At  the  design  conservation  pool  stage,  the  reservoir  would  be 
about  1/2  to  3/4  mile  wide,  7.0  miles  long  and  would  have  a  surface 
area  of  about  800  acres  and  would  permanently  inundate  about  9.5  miles 
of  stream.  At  the  design  flood  pool  elevation  of  1080  the  reservior 
would  be  about  15.5  miles  in  length,  would  cover  a  surface  area  of  3,200 
acres,  and  would  inundate  an  additional  11.5  miles  of  stream  (Exhibit  2). 

1.007  Vegetation  within  the  deep  valleys  of  the  Pembina  River  and  its 
tributaries  consists  of  a  variety  of  tree  and  shrub  growth.  Within  the 
area  of  the  conservation  pool  approximately  365  acres  of  woodland  would 
be  cleared.  An  additional  25  acres  of  wooded  lands  above  the  permanent 
pool  would  be  lost  due  to  clearing  to  within  3  feet  vertically,  or  300 
feet  horizontally,  of  the  permanent  pool,  whichever  was  less. 

1.008  Land  Use  -  Total  project  lands  would  encompass  about  5,800  acres, 
the  majority  of  which  are  covered  by  "natural"  vegetation.  Of  this 
amount,  about  50  acres  would  be  utilized  for  project  structures,  about 
1,000  acres  would  be  utilized  for  recreation  and  :  ishing  access,  and  about 
800  acres  would  be  water  surface  area.  Based  on  a  preliminary  study  by 
the  U.S.  Fish  and  Wildlife  Service  (FWS) ,  the  North  Dakota  Department  of 
Game  and  Fish  (NDG&F) ,  and  the  Corps,  an  additional  13,200  acres  of  land 
outside  the  project  take  line  in  the  river  valley  above  the  Vang  Bridge 
would  be  required  to  compensate  and/or  mitigate  for  project  related 
losses  of  wildlife  production.  Witnin  the  conservation  pool  area,  about 
365  acres  of  woodland,  355  acres  of  agricultural  land,  and  80  acres  of 
existing  river  would  be  cleared  and/or  inundated. 

1.009  Utilit ies  -  Secondary  Highway  720  between  Vang  and  Walhalla 
would  be  the  principal  crossing  of  the  Tembina  River  affected  in 
Cavalier  County  under  the  proposed  conditions.  One  additional  highway 
crossing  would  be  affected  by  the  reservoir,  the  crossing  near  the 
mouth  of  the  Little  South  Pembina  River  would  be  abandoned. 
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The  proposed  reservoir  would  require  raising  the  crossing  on  Secondary 

Highway  J20  approximately  60  feet  as  well  as  a  small  lateral  relocation 
of  highway  approaches  to  the  high-level  bridge.  The  proposed  bridge 
and  approaches  would  be  constructed  to  the  same  load  and  traffic  classi¬ 
fication  as  at  the  present  location.  However,  they  would  be  built  to 
modern  engineering  standards.  Access  would  be  provided  for  all  local 
residents,  but  a  greater  distance  of  travel  would  be  required  for  some 
residents . 

1.010  Fish  and  Wildlife  -  The  construction  of  the  proposed  Pembilier 
Dam  would  create  an  800-acre  reservoir-type  lake  with  potential 
water  quality  problems.  Preliminary  evaluations,  based  only  on 
nutrient  concentrations  of  the  Pembina  River,  suggest  that  the  lake 

could  exiubit  an  accelerated  rate  of  eutrophication.  As  a  result  of 
the  possible  eutrophic  nature  of  the  impoundment,  the  potential  for  a 
quality  fishery  in  the  lake  would  be  reduced.  Potential  fishery  problems 
anticipated  are  related  to  low  dissolved  oxygen  (D.O.)  in  the  cold  water 
layer  (hypolinnion)  of  the  stratified  impoundment,  the  scarcity  of  suitable 
spawning  areas  for  desirable  fish  species,  abundant  growth  of  aquatic  plants 
(macrophytes  and  algae)  in  certain  areas  of  the  conservation  pool,  pro¬ 
liferation  of  "rough"  fish,  high  sedimentation,  and  potential  winter-kill 
conditions . 

l.Qil  The  potential  for  a  downstream  fishery  has  not  yet  been  evaluated. 

A  multiple-gated  intake  structure  is  currently  proposed,  however,  and 
management  procedures  would  need  to  be  developed  under  post-authorization 
studies.  Potential  problems  with  a  downstream  fishery  relate  to  low 
D.O . ,  hydrogen  sulfide,  excessive  plant  production  due  to  high  nutrient 
content  of  release  water  (provided  other  aquatic  parameters  are  suitable), 
temperature,  and  lack  of  suitable  substrate  for  invertebrates.  Project 
effects  on  water  quality  would  be  investigated  during  the  post¬ 
authorization  restudy  phase  of  the  project. 


1.012  Because  of  the  unique  vegetative  qualities  of  the  Pembina  River 
gorge  and  its  associated  tributaries,  compensation  of  the  wildlife  losses 
resulting  from  creation  of  Pembilier  Reservoir  would  require  acquisition 
of  a  sizeable  amount  of  land.  Based  on  a  preliminary  habitat  evaluation 
study  conducted  by  the  FWS  and  with  input  from  the  N.D.  Game  &  Fish  Dept, 
and  the  Corps  of  Engineers,  acquisition  of  16,000  acres  of  land,  within 
the  river  valley  walls  from  the  Vang  Bridge  to  the  Canadian  border,  is 
proposed  for  compensation  purposes.  Of  this  16,000  acres,  approximately 
2,800  acres  are  within  the  proposed  project  take-line.  A  discussion  of 
the  method  used  to  identify  the  compensation  land  requirement  is  contained 
in  Exhibit  17. 


1.013  Management  of  project  and  compensation  lands  above  the  Vang  Bridge 
would  be  the  responsibility  of  the  North  Dakota  Game  and  Fish  Department. 
Unless  some  non-Federal  governmental  body  indicates  an  intent  to  manage 
project  lands  below  the  V ing  Bridge,  the  Corps  of  Engineers  would  assume 
this  responsibility. 
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1.014  Recreation  -  The  recommended  plan  includes  recreational  development 
upstream  and  adjacent  to  the  permanent  lake.  Recreation  facilities  to 
be  established  would  consist  of  camp  pads,  picnic  sites  and  a  shelter, 
a  boat  launch  ramp  and  dock,  parking  spaces,  overlooks,  access  roads, 
landscaping  and  related  support  facilities. 

1.015  The  effects  of  poor  wafer  quality  and  an  uncertain  degree  of 
effort  expended  for  fishery  management  bn  recreational  utilization  of 
the  lake  would  be  addressed  in  detail  in  post-authorization  stages  of 
the  project. 

1.016  Water  Supply  -  An  abundant  and  more  dependable  water  supply  for 
persons  serviced  by  the  water  treatment  facilities  at  Neche  has  been 
identified  as  one  of  the  water  resource  needs  of  the  Pembina  River 
basin.  Low  stream-flows  during  winter  months,  combined  with 
evaporation  and  ice  losses  on  the  existing  lowhead  water  supply 
dam  at  Neche  would  result  in  estimated  water  shortages  in  1980 
based  on  a  3  percent  chance  occurrence  drought.  Water  shortages 
would  occur  in  2030  for  an  8  percent  chance  occurrence  drought. 

Based  on  these  estimates,  the  proposed  Pembilier  Reservoir  conservation 
oool  incorporates  water  storage  to  supplement  existing  water  supplies 
for  downstream  areas  as  a  proposed  project  purpose. 


1.017  Four  thousand  acre-feet  of  the  15,000  acre-feet  conservation  pool 
capacity  would  be  reset ved  for  water  supply  and  recreation  purposes. 

Only  750  acre-feet  would  be  needed  downstream  during  a  drought  period, 
but  an  additional  storage  of  3,250  acre-feet  would  be  required  to 
account  for  evaporation  and  transmission  losses  and  to  provide  a 
minimum  downstream  flow  of  at  least  2  cfs. 

1.018  Delivery  of  water  from  the  proposed  reservoir  to  a  downstream 
water  supply  reservoir  would  be  accomplished  by  inchannel  delivery,  the 
most  economical  delivery  method.  This  method  would,  however,  result  in 
the  greatest  transmission  losses.  Because  of  ice  conditions  in  the  chan¬ 
nel  which  exist  during  the  late  fall  and  winter  demand  period,  a  constant 
discharge  from  the  reservoir  would  probably  be  the  selected  delivery 
method  as  opposed  to  a  "slug"  release  which  could  break-out  from  under 
ice  formations  and  freeze  before  reaching  the  desired  downstream  location. 
Amounts  of  discharge  and  the  level  of  withdrawal  from  the  reservoir 
would  consider  any  fishery  and/or  water  quality  management  program  in 
the  downstream  channel.  Operating  schedules  would  be  evaluated  in 
post-authorization  studies. 

1-019  Operation  and  Maintenance  -  Operation  and  maintenance  of  the 
project  would  be  a  Federal  responsibility,  except  for  management  and 
operation  of  specific  recreation  developments,  water  supply  features, 
downstream  maintenance,  and  fish  and  wildlife  aspects  which  would 
be  non-Federal  responsibilities.  The  project  would  be  operated 


primarily  for  flood  control  and  water  supply  while  other  anticipated 
uses  such  as  recreation,  fish  and  wildlife,  and  water  quality  would 
be  accommodated  to  the  extent  possible  while  fulfilling  the  two 
primary  objectives. 

1.020  Under  the  tentatively  proposed  operating  plan  for  flood  control, 
the  outflow  discharge  would  not  be  restricted  until  the  inflov;  discharge 
exceeded  2,200  cfs.  At  this  point-  release  would  be  gradually  in* 
creased  at  a  constant  rate  up  to  a  maximum  release  of  4,000  cfs. 

Floodwater  storage  would  commence  at  discharges  greater  than  2,200 
cfs.  The  outflow  discharge  would  not  exceed  4,000  cfs  until  the 
water  level  reached  the  emergency  spillway  elevation  of  1080.  The 
design  flood  would  have  an  expected  recurrence  frequency  of  2.8  percent 
(once  in  every  36  years)  with  a  maximum  inflow  discharge  of  about 
17,000  cfs  and  a  maximum  outflow  discharge  of  4,000  cfs.  For  the 
design  flood,  the  water  level  in  the  flood  pool  would  reach  an 
elevation  of  1080,  and  floodwaters  would  be  stored  above  the  conservation 
pool  elevation  1010  for  about  75  days. 

1.021  Backwater  Effects  in  Canada  -  Limited  analysis  indicates  that 
at  the  design  flood  level,  a  flood  that  would  be  expected  once  in  36 
years,  the  flood  storage  pool  created  by  Pembilier  Dam  would  be  con¬ 
fined  entirely  within  the  United  States.  At  the  spillway  design  flood 
level,  the  backwater  effect  would  extend  about  11/2  miles  into  Canada. 
Most  of  the  backwater  would  be  confined  within  the  existing  river  channel, 
although  about  40  acres  or  less  of  land  in  Manitoba  would  be  flooded. 

The  backwater  effect  in  Canada  does  not  appear  to  be  significant; 
however,  this  effect  would  be  defined  more  accurately  during  post¬ 
authorization  studies. 

1.022  Downstream  Effects  in  Canada  -  Current  inundation  reduction 
benefits  in  Canada  stemming  from  partial  control  of  Pembina  River 
floodwaters  in  the  United  States  have  been  evaluated  by  Environment 
Canada  and  the  Province  of  Manitoba,  Department  of  Mines,  Resources, 
and  Environmental  Management.  Average  annual  benefits  in  the  amount 
of  $272,000  would  accrue  in  Canada,  principally  in  the  Gretna-Altona 
area  and  to  a  lesser  degree  along  the  Red  River  of  the  North  downstream 
from  Emerson.  Also,  it  is  likely  that  intangible  benefits  would  accrue, 
particularly  a  lessening  of  the  dispute  along  the  Gretna-Neche  portion 
of  the  International  Boundary. 

1.023  Authority  -  Recognizing  the  economic  damage  and  social 
problems  caused  by  major  floods  on  the  Pembina  River  in  North  Dakota, 
the  Committee  on  Commerce  of  the  United  States  Senate,  at  the 
request  of  local  interests,  adopted  a  resolution  on  28  February  1945. 

The  resolution  requested  that  the  Board  of  Engineers  for  Rivers  and 
Harbors  review  a  previous  report  on  the  Pembina  River  and  tributaries 
published  as  House  Document  No.  565,  Seventy-eighth  Congress,  Second 
Session. 
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1  * 024  Further  authority  for  this  reoort  is  provided  bv  a  re¬ 
solution  of  the  Committee  on  Public  Works  of  the  United  States 
Senate,  adopted  15  June  1950,  and  two  resolutions  of  the  Com¬ 
mittee  on  Public  Works  of  the  House  of  Representatives,  adopted 
27  June  1950  and  19  July  1950.  These  resolutions  requested  the 
Board  of  Engineers  for  Rivers  and  Harbors  to  review  prior  reports 
on  the  Red  River  of  the  North  drainage  basin,  which  includes  the 
Pembina  River  basin. 

1.025  Economics  -  The  proposed  project  has  a  benefit/cost  ratio  of 
1.6  to  1  including  benefits  to  Canada  and  a  benefit/cost  ratio  of  1.5 
to  1  excluding  Canadian  benefits.  Total  Federal  first  cost  is 
currently  estimated  as  $23,390,000  with  a  non-Federal  cost  of 
$1,510,000.  Annual  operation  and  maintenance  costs  are  estimated  as 
$97,000  Federal  and  $44,000  non-Federal.  Economic  data  have  been 
extracted  from  the  Feasibility  Report  for  Flood  Control  and  Related 
Purposes  on  the  Pembina  River,  North  Dakota,  U.S.  Army  Corps  of 
Engineers,  St.  Paul  District  Office  (Table  1). 


Table  1  -  Economic  Data  for  Pembilier  Reservoir 


Total  project  investment  $27,000,000 

Annual  costs 


Interest  &  amortization 

$ 

1,658,000 

Operations  and  replacement 
(97,000  Federal,  44,000  non-Federal) 

141,000 

Total 

$~ 

1,799,000 

Benefits  (annual) 

Flood  control  (United  States) 

$ 

2,355,000 

Water  supply 

61,000 

Recreation 

131,000 

Local  employment 

86,000 

Sub  total 

7 

2,633,000 

Flood  control  (Canadian) 

272,000 

Total 

T 

2,905,000 

B/C  ratio  2905/1799  =  1.6  (with  Canadian  benefits) 

2633/1799  ■  1.5  (excluding  Canadian  benefits) 


Estimate  of  cost  sharing 

Federal 

Project  investment  $25,420,000 

Operation,  maintenance  &  operation  97,000 


non-Federal  Total 
$1,580,000  527,000,000 

44,000  141,000 


Current  estimate  of  reimbursable  costs  by  Canada  to  the  United  States 
for  construction  of  Pembilier  Lake  and  Dam.  $1,808,000 


1.026  Alternate  Operating  Plan  -  Bv  choosing  an  alternate  operating 
plan  and  making  other  necessary  adjustments  in  the  project  planning,  a 
"marsh"  could  also  be  created  behind  the  dam  instead  of  a  "lake".  The 
advantages  and  disadvantages  of  this  approach  are  discussed  in  exhibit 
1.  The  marsh  alternative  would  be  refined  during  post-authorization  studies. 
Both  the  "marsh"  and  "lake"  alternatives  are  considered  to  be  operational 
variants  of  the  conceptual  plan,  pending  Congressional  action. 

1.027  Post-authorization  Study  Needs.  Assuming  the  proposed  project  is 
authorized,  several  studies  would  be  conducted  to  provide  refinements  in 
existing  data  and  projected  project  conditions.  These  studies  would 
include:’ 


a.  Water  quality:  A  water  quality  monitoring  program  is  presently 
being  negotiated  with  the  U.S.  Geological  Survey.  Water  samples  will 

be  obtained  at  more  frequent  intervals  than  the  present  sampling  program. 

The  number  of  parameters  measured  will  also  be  expanded.  Samples  will 
be  obtained  from  the  Pembina  River  near  Walhalla,  and  near  the  Vang  Bridge, 
and  from  the  Little  South  Pembina  River  near  its  confluence  with  the  main 
stem.  The  sampling  program  will  be  initiated  in  April  1976.  Initial 
funding  (through  September  1976)  is  being  provided  by  the  N.D.  State  Water 
Commission  and  the  U.S.  Geological  Survey.  Following  authorization,  corn- 
outer  model  studies  will  be  initiated  to  define  more  precisely  the  projected 
water  oualitv  within  the  reservoir  and  downstream.  Various  reservoir  oper¬ 
ating  schedules,  including  the  "marsh"  alternative,  will  be  evaluated  as 
they  affect  selected  ohvsical,  chemical  and  biological  parameters.  These 
studies  will  be  coordinated  with  the  EPA,  USFWS,  and  the  NDG*1.  Should  these 
studies  indicate  that  existing  water  quality  standards  will  be  exceeded, 
mitigative  measures  (lake  rehabilitation  techniaues)  will  be  investigated 
in  an  attempt  to  reduce  the  adverse  impacts.  However,  if  a  particular 
standard  is  exceeded  by  a  large  amount,  it  is  probablv  unrealistic  to 
assume  that  the  condition  could  be  corrected  in  an  economical  manner. 

b.  Wildlife  mitigation  -  The  preliminary  habitat  evaluation  study  was 
very  limited  in  scope  because  of  time,  monies,  available  aerial  imagery,  and 
because  uncertainties  existed  in  operating  procedures,  recreational  development 
and  project  boundaries.  Because  of  these  limitations,  the  identified  compen¬ 
sation  requirements  for  the  proposed  project  are  considered  only  as 
preliminary  estimates.  Following  authorization,  air  photos  and  habitat 

type  mapping  will  be  obtained  and  used  to  reassess  the  existing  habitat 
resources,  both  within  the  project  area  and  in  downstream  reaches.  More 
accurate  estimates  will  also  be  made  regarding  project  induced  changes 
in  habitat  values  based  on  refinements  of  other  project  features.  Fol¬ 
lowing  this  reassessment,  updated  compensation  requirements  (land,  operation 
and  maintenance,  management  alternatives)  will  be  agreed  upon  for  both 
terrestrial  and  aquatic  biota. 
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2.000  ENVIRONMENTAL  SETTING  WITHOUT  THE  PROJECT 
CLIMATE 


2.001  General  -  The  climate  in  the  vicinity  of  the  Pembina  River  basin 
is  continental,  characterized  by  wide  variations  in  temperature,  ample 
rainfall,  with  normal  distribution  for  crops,  and  moderate  snowfall. 
Prior  to  spring  breakup,  average  snow  depths  of  1  to  2  1/2  feet  are 
common.  Breakup  generally  occurs  over  a  period  of  from  7  to  10  days 
and,  with  snow  concentrated  in  river  valleys  and  coulees,  runoff  is 
r;uite  rapid,  producing  discharges  considerably  in  excess  of  those  which 
might  be  expected  from  the  average  depth  of  snow  cover  on  the  basin. 

The  area  experiences  local  rainstorms  of  moderate  intensity  with 
rainfall  from  one  storm  varying  greatly  over  sections  of  the  basin. 
General  rains  covering  the  entire  watershed  are  of  rare  occurrence. 

The  more  hazardous  storms  occur  during  the  winter  in  the  form  of 
blizzards  which  endanger  life  and  property  and  often  disrupt  trans¬ 
portation  and  communications  facilities.  Wind  velocities  average 
about  10  miles  per  hour  and  are  generally  from  the  northwest.  Records 
of  temperature  and  precipitation  are  available  from  30  meteorological 
stations  within  and  adjacent  to  the  Pembina  River  drainage  area  which 
have  been  in  operation  for  varying  periods  since  1872.  In  Canada, 
stations  are  maintained  and  operated  by  the  Meteorological  Divi¬ 
sion  of  the  Canada  Department  of  Transport,  while  in  the  United  States 
they  are  maintained  and  operated  by  the  National  Weather  Service  of 
the  U.S.  Department  of  Commerce.  Records  are  not  all  continuous  dur¬ 
ing  the  periods  of  record.  Hourly  precipitation  records  are  available 
for  Pembina  and  Sarles,  North  Dakota,  from  1940  to  date. 

2.002  Temperature  -  The  average  annual  temperature  in  the  basin  is 
approximately  36  F  (Table  2).  The  long-term  mean  monthly  temperature 
during  July,  the  warmest  month,  is  almost  68  F,  while  in  January,  the 
coldest  month,  it  is  2  F.  Extreme  temperatures  of  112  F  and  -54  F  have 
been  recorded  in  the  basin. 


2.003  Precipitation  2  The  average  annual  precipitation  for  the  basin  is 
approximately  18  inches,  while  the  maximum  monthly  precipitation  is 
3.2  inches  in  June  and  the  minimum  monthly  precipitation  is  0.6  inch 
in  February  (Table  3).  Snowfall  over  the  basin  averages  about  38  inches 
a  year,  which  is  equivalent  to  about  21  percent  of  the  average  annual 
precipitation.  The  three  greatest  rainfall  depths  recorded  for  a  24-hour 
period  include  8.76  inches  at  Boissevain,  Manitoba,  on  12  August  1957, 
j.05  iucues  at  nausDuro,  worm  uaicota,  in  June  1152,  and  5.0]  inches 
at  Walhalla,  North  Dakota  on  3  July  1904. 
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Table  2  ~  Hear,  monthly  temperature; 
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2.004  Notable  Storms  -  The  most  intense  storm  recorded  near  the  Pembina 
River  basin  occurred  at  Beaulieu,  Minnesota,  approximately  130  miles 
southeast  of  Pembina  on  18-23  July  1909  when  10.5  inches  fell  in 
6  hours.  A  very  large  storm  over  the  entire  basin  occurred  in 
Ilay>1933  when  an  average  of  3.7  inches  of  rainfall  occurred  in  3  days. 
Another  large  storm  occurred  19-21  July  1897  with  a  total  rainfall  of 
over  5  inches  on  the  Pembina  River  basin  downstream  from  the  international 
boundary  near  Walhalla.  The  maximum  24-hour  amounts  observed  in  the 
basin  were  4.43  inches  at  Hamilton,  North  Dakota,  and  3.47  inches  at 
Langdon,  North  Dakota. 


2.005  Evaporation  -  No  recorded  data  on  evaporation  in  the  Pembina 
River  basin  are  available  for  the  period  of  record  used  in  this  study. 
However,  estimates  of  evaporation  have  been  made  from  records  obtained 
in  nearby  watersheds  from  data  accumulated  during  the  past  30  years  and 
from  data  contained  ir.  the  Prairie  Provinces  Water  Board  Report  No.  5, 


Evaporation  from  Lakes  and  Reservoirs  on  the  Canadian  Prairie 
ff'uSCtttf?"  ua.D  at»AH  at.  OJ.pnnra  in  1963. 


2.006  The  nearest  evaporation  records  in  the  United  States  are  pan 
evaporation  observations  at  Devils  Lake,  North  Dakota,  for  the  months 
of  April  through  September  for  the  period  1951  to  1971.  Starting  in 
June  1971  the  Devils  Lake  station  was  moved  to  Langdon,  North  Dakota. 
Earlier  evaporation  recprds  are  available  for  the  months  of  April 
through  September  sincfe  April  1930  from  both  Mandan  and  Dickinson.  North 
Dakota,  although  the  data  for  the  years  before  1939  have  not  bepn 
published.  Mean  monthly  or  annual  evaporation  amounts  are  shown  on 
maps  of  the  United  States  in  various  publications.  The  average  annual 
gross  water  surface  evaporation  in  the  Pembina  River  basin  has  been 
estimated  at  28.5  inches.  As  noted  above,  the  mean  annual  precipita¬ 
tion  is  18  inches,  therefore,  the  average  annual  net  evaporation 
amounts  to  10.5  inches.  For  the  site  of  the  proposed  Pembilier  Lake, 
the  average  lake  evaporation  has  been  estimated  at  28.35  inches  (Table  4). 
Evaporation  is  very  small  In  winter  months  with  a  minimum  mean  month lv 
rate  of  0.15  inch  in  January.  The  greatest  evaporation  occurs  during 
the  summer  months  with  a  maximum  mean  monthly  rate  of  5.33  inches  in 
July.  Total  evaporation  for  the  6  months  of  April  through  September 
was  estimated  at  23.9  inches  at  the  Pembilier  site.  Monthly  evaporation 
exceeds  precipitation  during  the  7  months  of  April  through  October. 


Table 

4  -  Mean  monthly 
at  the  proposed 

and  annual  evaporation 
Pembilier  site  (inches) 

* 

data 

Month 

Mean 

precipitation 

'lean  gross 
evaporation 

Mean  net 
evaporation 

January 

0.63 

0.15 

-0.48 

February 

0.54 

0.20 

-0.34 

March 

0.90 

0.60 

-0.30 

April 

1.38 

2.54 

1.16 

May 

2.03 

3.93 

1.90 

June 

3.09 

4.19 

1.10 

July 

2.76 

5.33 

2.57 

August 

2.78 

4.73 

1.95 

September 

2.30 

3.18 

0.88 

October 

1.36 

2.60 

1.24 

November 

1.05 

0.70 

-0.35 

December 

0.55 

0.20 

-0.35 

Total 

19.37 

28.35 

8.98 

~*'De~termined  by  the  bureau  of  Reclamation,  U.S.  Dept,  of  the  Interior. 
PHYSIOGRAPHY 

2.007  General  -  The  Pembina  River  basin  lies  in  the  south-central  portion 
of  the  Province  of  Manitoba  in  Canada  and  in  the  northeastern  part  of 
the  State  of  North  Dakota  in  the  United  States.  Its  outlet  and  eastern 
boundary  is  the  Red  River  of  the  North  while  its  western  extremity  lies 
in  the  Turtle  Mountain  area  near  the  International  Boundary.  The  basin 
length  (east  and  west)  is  about  130  miles  and  its  width  (north  and  south) 
varies  from  a  maximum  of  about  50  miles  in  the  central  portion  to  about 
18  miles  in  the  eastern  portion. 

2.008  The  basin  is  located  entirely  within  the  Central  Lowland  province 
of  the  Interior  Plains  physiographic  division  and  includes  portions  of 
two  conspicuously  different  physiographic  districts.  They  are  the  Red 
River  Valley  and  Drift  Prairie  (Figure  1).  The  Pembina  Delta,  a  major 
feature  within  the  Red  River  Valley,  is  also  discussed  as  a  separate 
section  because  of  its  importance  in  the  river  basin. 


2.009  Red  River  Valley  -  The  eastern  32  to  38  miles  of  the  Pembina  basin 
lie  in  the  Red  River  Valley,  the  lowest  section  in  the  basin. 

It  is  not  a  true  river  valley  but  is  the  nearly  level  bottom  of  a  lake 
that  once  covered  the  area.  The  lake.  Lake  Agassiz,  was  formed  by  the 
presence  of  an  ice  barrier  to  the  north  which  obstructed  the  flow  of 
the  Red  River  during  the  last  glacial  recession  from  the  area.  The  area 
is  a  featureless  plain  that  rises  gently  from  an  elevation  of  790  at  the 
city  of  Pembina  to  elevation  1000  at  the  base  of  the  Pembina  Delta.  The 
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flat  surface  of  the  plain  is  broken  only  by  drainages  and  several  low, 
sandy  ridges  which  have  a  general  northwest-southeast  trend.  These 
ridges  mark  the  shoreline  of  Lake  Agassiz  as  it  receded  to  the  present 
level  of  the  Red  River.  The  area  is  poorly  drained  by  the  Pembina  and 
Tongue  Rivers  that  flow  in  sinuous  channels  across  the  plain  in  meander 
belts  3/4  mile  wide  that  are  marked  by  small  sloughs  and  meander  cutoffs. 

2.010  Pembina  Delta  -  The  Pembina  Delta  was  forired  in  late  Pleistocene 
time  by  deposition  of  material  carried  by  the  debris-laden  Pembina  River 
as  it  flowed  into  Lake  Agassiz.  The  river,  at  that  time,  was  swollen 
with  water  from  the  melting  ice  fields  to  the  north  and  served  as  an 
outlet  for  glacial  lakes  in  the  basins  of  the  Souris  and  Saskatchewan 
Rivers.  The  Pembina  Delta  is  now  a  sandy  plain  that  extends  westward 
from  the  Red  River  Valley  to  the  Pembina  Escarpment,  a  conspicuous 
regional  bluffline  that  was  the  western  shoreline  of  Lake  Agassiz 
during  its  highest  level.  The  delta  covers  an  area  of  approximately 
80  square  miles,  extends  16  miles  in  a  north-south  direction  and  is 
2  to  9  miles  wide.  The  delta  surface  slopes  to  the  east  and  southeast 
from  a  high  elevation  of  approximately  1275  near  the  Pembina 
Escarpment  to  1150  near  Walhalla  where  it  drops  abruptly  to  the 
plain  of  the  Red  River  Valley.  A  steep,  wooded  escarpment,  100  to  150 
feet  high,  marks  the  junction  of  the  delta  with  the  Red  River  Valley 
in  the  vicinity  of  Walhalla.  Last  oJ  Walhalla  the  delta  grades 
gently  into  the  Red  River  Valley.  The  escarpment  at  Walhalla  is  often 
called  the  "First  Pembina  Mountain",  while  the  Pembina  Escarpment  is 
referred  to  as  the  "Second  Pembina  Mountain".  The  Pembina  River  flows 
through  a  valley  1/2  to  1  mile  wide'  and  has  cut  approximately  200  feet 
below  the  delta  surface. 

2.011  Drift  Prairie  -  That  portion  of  the  Pembina  River  basin  in  Canada 
and  west  of  the  Pembina  Escarpment  in  the  United  States  lies  entirely 
within  the  Drift  Prairie.  With  the  exception  of  the  Turtle  Mountain, 
an  elevated  tableland  located  in  the  extreme  western  portion  of  the 
basin,  the  Drift  Prairie  is  an  undulating,  poorly  drained  surface  which 
slopes  from  elevation  1800  at  the  base  of  Turtle  Mountain  to 
elevation  1500  at  the  crest  of  the  Pembina  Escarpment,  80  miles  to  the 
east.  The  surface  is  dotted  with  morainic  hills,  ridges,  and  undrained 
depressions  occupied  by  lakes,  sloughs  or  alkali  swamps. 

2.012  The  Pembina  River  Valley  within  the  Drift  Prairie  of  the  United 
States  varies  from  1  to  2  miles  in  width  and  is  characterized  by  steep, 
wooded  valley  walls  that  rise  200  to  400  feet  above  the  river  channel  and 
are  marked  by  occasional  unstable  areas.  The  valley  is  shallower  in 

Canada  and  is  characterized  by  conspicuous  erosional  terraces  and  natural 
lakes  formed  behind  debris  fans  at  the  mouths  of  tributaries. 

2.013  The  Little  South  Pembina  River,  roughly  parallels  the  course  of 
the  Pembina  "iver  to  the  Pembina  Escarpment  at  a  distance  of  about  4 
to  6  miles  south  of  the  Pembina  River.  As  the  Little  South  Pembina  River 
flows  out  of  the  Drift  Prairie,  it  turns  sharply  to  the  north  and  follows 


Li;..*  ; > .1  •- •  ■  -,i !  Lscurpinent  to  its  junction  w ;  i oral.  1  i..i 

River.  i  'it-  '  1  *  ■  North  Pembina  River  joins  the  Pci,!,:  r  f  rota 

Lite  no rt Intent  ibcui  3  miles  upstream  from  the  mouth  *  i  .  ■  tLle 

South  Pc:  ib  i  n  i  !■’  i  ve  r  . 
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2. 014  ‘\v*  c  in,  Red  River  Valley  is  underlain  i>  it  ot 

l  tcus  ;■  i  i  nc  ,ili  ml  soft  clay  reported  to  be  90  feet  •  rth  ol 
Jalhal  la,  ib  i  n-ot  itiicf  it  Neche  and  L74  feet  thi  ck  u  .i  i  ton. 

The  Lacustrine  materials  are  underlain  by  glacial  se.J'..:  n<  that 
rest  on  bedrock.  the  he. '.rock  surface  under  the  plain  1.  ■  .  at  a  depth 


of  200  to  350  feet.  Bedrock  consists  of  sedimentary  be.!,  .1  the 
Ordovician,  Jurassic,  and  Cretaceous  Systems.  Precarabri m  i hneous 
rocks  underlie,  tiie  sedimentary  beds. 

2.015  Ik.  it  a  i  .•  cope  si  Is  ot  sand  and  gravel  up  to  130  feet  '.tick  under¬ 
lie  the  Pembina  Delta.  The  thickest  deltaic  deposits  are  ne  ir  the 
eastern  perimeter  of  the  delta.  These  sediments  are  imdei lain  by 
glacial  drift,  which  rests  on  bedrock.  The  bedrock  serial,  i  i  ses  from 
east  to  west,  and  the  deltaic  and  glacial  sediments  thin  tup  idly  to 
the  west.  Shale  of  the  Cretaceous  Carlile  Formation  out. raps  in  the 
Pembina  River  Valley  near  the  Cavalier-Pembina  County  Line  and  is  consid¬ 
ered  a  nriinue  Geologic  feature  as  it  constitutes  the.  oldest  nedrock  exposed 
at  the  surface  in  North  Dakota.  A  short  distance  upstivn  i  rom  the  county 
line,  Cretaceous  .-hales  of  the  Niobrara  and  Pierre  Foim.u  ions  are  exposed 
in  the  river  valley  walls. 

2.016  The  Diifl  Prairie  is  mantled  by  a  few  to  100  feel  ot  clayey 
glacial,  till  whi  h  is  underlain  by  shale  of  the  Pierre  formation.  The 
Pierre  nil  Niobrara  Formations  are  well  exposed  it.  the  Pembina  escarp¬ 
ment  and  in  the  valleys  of  the  Little  North  and  South  Ptr..bina  Rivers 
as  well  as  the  Pembina  River  Valley.  The  bedrock  dips  gently  to  the 
so  utti  west. 

2.01/  The  northeast  portion  of  the  Turtle  Mountain,  an  eiusienal. 
outlier  of  the  Missouri  Plateau,  lies  within  the  Pembina  River  basin. 

The  mountain  forms  a  rough,  moraine-covered  tableland  that  stands 
400  feet  above,  t  lie  surrounding  Drift  Prairie.  Tertiary  shales  and 
sandstones  and  Cretaceous  sandstones  underlie  the  mantle  ot  glacial 
debris . 

2.01s  lb..(u!i>mii  .  I  l  ,er«l  Deposits  -  Production  from  mineral  deposits 
in  the  Pembina  iv.-r  basin  is  currently  resLricteu  to  «aml  and  gravel. 

A  significant  portion  of  the  mineral  production  in  Cavalier  and  Pembina 
Counties  if,  i.i  in,  Pembina  basin  where  sand  and  gravel  are  produced  from 
bench  ridge,  s  and  deposits  of  the  Pembina  Delta.  Production  of  sand 
and  grave!  in  Towner  and  Rolette  Counties  is  from  glacial  deposits. 

The  Pembin  i  basin  contributes  only  a  small  port  ion  of  the  total 
produced  in  th.-,.  counties..  Sand  and  gravel  produced  t hr. .mihout  th>-. 
basin  is  used  e x i eu? ivel >  for  fill  material  and  road  surfacing,  but 
a  higli  shale  ouui.i.t  renders  much  the  material  of  limited  value  for 
concrete,  aggivgat  <  . 


2.019  The  Niobrara  Formation  outcrops  extensively  in  the  Pembina  River 
and  tributary  valleys  within  the  Drift  Prairie.  The  formation  lias 
been  investigated  as  a  source  of  material  for  cement,  but  its  use,  at 
present,  is  not  conomically  feasible.  The  Ordovician  Red  River  Formation, 
buried  at  a  depth  of  about  500  feet  in  northern  Pembina  County,  may  have  some 
potential  as  a  source  of  material  for  cement. 

2.020  The  lower  portion  of  the  Pierre  Formation  contains  numerous 
thin  beds  of  Fullers  earth  which  may  some  day  be  of  commercial  value. 

The  shales  of  the  Carlile  Formation  were  used  in  the  manufacture  of 
brick  at  the  old  Mayo  Brick  Plant , located  on  the  Pembina  River  a  few 
miles  west  of  Walhalla;  however,  no  recent  or  planned  production  of 
brick  in  the  basin  is  known. 

2.021  Exploration  for  petroleum  has  yielded  no  evidence  of  a  petroleum 
resource  in  the  United  States'  portion  of  the  basin. 

2.022  Groundwater  -  A  comprehensive  joint  study  of  the  groundwater 
resources  of  Pembina  and  Cavalier  Counties  has  been  made  by  the  North 
Dakota  State  Water  Commission,  the  United  States  Geological  Survey  and 
the  North  Dakota  State  Geological  Survey.  The  results  of  this  study 
are  scheduled  to  be  published  in  the  near  future.  The  following 
summary  of  groundwater  conditions  is  based  on  communication  with  the 
investigators . 

2.023  Groundwater  is  available  throughout  nearly  all  of  the  basin  in 
quantities  sufficient  for  domestic  and  farm  use.  Aquifers  capable  of 
supplying  large,  sustained  yields  are  rare,  however.  In  the  Red  River 
Valley,  shallow  wells  can  be  developed  for  limited  use  in  a  surficial 
bed  of  clay  and  silt.  Deeply  buried  bedrock  units  supply  water  under 
artesian  pressure,  but  the  water  is  too  saline  for  most  uses.  The  de¬ 
posits  of  the  Pembina  River  from  about  2  miles  southwest  of  Walhalla 
to  10  miles  downstream  form  the  best  known  aquifer  in  the  area.  Th  .• 
material  consists  of  20  to  25  feet  of  siltv  sand  and  gravel  capable  < 
yielding  up  to  300  gallons  per  minute.  This  aquifer  suDDlies  water  r>‘ 
good  quality  for  the  city  of  Walhalla.  A  surficial  aquifer  exists  at. 
the  western  edge  of  the  Red  River  Valley  in  the  form  of  a  narrow  bed 
of  sand  formed  along  the  shoreline  of  glacial  Lake  Agassiz  east  of 
the  Pembina  Delta.  The  aquifer  trends  from  the  Tongue  River  toward 
Walhalla. 

2.024  Although  the  Pembina  Delta  consists  of  sand  and  gravel  deposits 
up  to  130  feet  thick,  they  are  essentially  dry  or  have  little  saturated 
thickness  and  are  capable  of  producing  only  limited  quantities  of  water. 


2.025  Wells  in  the  Drift  Prairie  are  developed  primarily  in  the  upper 
portion  of  the  Pierre  Formation  where  water  is  stored  in  and  transmitted 
through  fractures  in  the  shale.  Below  this  upper  fractured  zone,  the 
Pierre  and  underlying  bedrock  units  produce  little  or  no  water.  Wells 
are  also  developed  in  sand  beds  in  the  superficial  mantle  of  glacial 
drift. 


2.026  Due  to  a  low  population  and  industrial  density  in  the  basin, 
groundwater  pollution  has  generally  not  been  a  problem.  The  majority 
of  the  aquifers  are  shallow  and  recharged  by  direct  infiltration  of 
local  precipitation. 

2.027  Soil  -  No  detailed  soil  survey  has  been  made  of  the  project  area. 
Most  of  the  project  land  would  lie  either  on  the  floodplain  or  steep 
valley  slopes.  The  soil  types  in  these  areas  can  be  generalized  as 
well  drained,  shaly  alluvial  soils  on  the  valley  slopes  with  moderately 
drained,  medium  and  fine  textured  soils  on  the  floodplain.  The  vegetation 
resources  in  the  area  are  described  in  paragraphs  2.054  -  2.075. 


2.028  Unique  Geologic  Features  -  The  Pembina  River  basin  is  comprised 
of  major  land  forms  such  as  the  Pembina  Delta  that  may  be  considered 
unique  on  a  continental  basis.  The  size  of  the  land  forms  is  so  great 
that  their  classification  as  unique  on  a  basin-wide  scale  is  questionable. 
However,  the  exposure  of  the  Carlile  shale  in  the  Pembina  River  Valley, 
the  oldest  bedrock  exposed  in  the  State,  makes  the  valley  unique  in  this 
respect.  Numerous  small  land  forms  such  as  beach  ridges,  sand  dunes, 
eskers  and  various  types  of  moraines  exist  within  major  physiographic 
sections  but  none  is  known  to  have  regional  acceptance  as  unique  or 
unusual. 

2.029  -  Problem  Elements  -  Problems  relating  to  the  natural  geology  of 
the  Pembina  River  basin  are  not  great.  Unstable  riverbanks  along  the 
Pembina  and  Tongue  Rivers  on  the  plain  of  the  Red  River  Valley  are 
common.  Bank  failures  in  the  form  of  small  slump  blocks  are  numerous 
but  are  little  more  than  a  nuisance  except  where  cultivated  fields  or 
structures  encroach  on  the  rivers.  Conspicuous  unstable  shale  slopes 
are  present  along  the  valley  walls  of  the  Pembina  River  and  its 
tributaries  within  the  Drif-  Prairie.  The  most  impressive  unstable 
areas  occur  in  the  lower  part  of  the  Pierre  Formation  where  large 
masses  of  shale  are  actively,  but  slowly,  slumping.  The  unstable  shale 
areas  are  not  presently  a  problem,  however,  due  to  the  limited  use  of 
the  area. 

2.030  Problems  relating  to  the  geology  of  the  area  that  involve  the 
alteration  of  natural  conditions  by  the  works  of  man,  on  the  other 
hand,  can  be  severe.  The  thick  deposit  of  silts  and  soft  clays  present 
throughout  the  Red  River  Valley  are  notoriously  unstab le  in  excavations 
or  as  foundations  for  earth  fills,  bridges,  or  large  structures.  The 
clay  shales  underlying  the  Drift  Praire  and  exposed  in  the  Pembina 
Escarpment  and  river  valleys  are  well  known  for  their  undesirable  engi¬ 
neering  properties. 


2.031  Geology  of  the  Proposed  Pembiller  Daasite  -  The  site  of  the 
proposed  Pembiller  Dan  is  within  the  Peablna  Delta  on  or  near  the 
Pembina-Cavalier  County  line.  The  highland  bordering  the  river  in 
this  area  is  the  smooth,  gently-sloping  surface  of  the  delta.  The 
valley  of  the  Pembina  River  is  cut  approximately  200  feet  below 
the  delta  surface. 
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2.032  The  general  stratigraphic  distribution  of  material  at  the  damsite 
is  20  to  30  feet  of  recent  river  deposits  of  clay,  sand  and  gravel  on 
top  of  Cretaceous  Carlile  shale  under  the  floodplain  and  60  to  100  feet 

of  deltaic  sand  and  gravel  resting  on  40  to  60  feet  of  glacial  sediments  f 

in  the  dam  abutment  area.  The  glacial  sediments  are  underlain  by  shale 
of  the  Carlile  Formation. 

2.033  Mass  movement  is  prominent  in  the  form  of  slumping  in  the  down¬ 
stream  area  of  the  south  dam  abutment  and  downstream  a  short  distance  from 
the  north  abutment.  The  proposed  reservoir  would  be  confined  to  the  I 

lower  portion  of  the  river  valley.  Steep  valley  walls  cut  in  the 
Carlile  shale  would  contain  the  reservoir  throughout  most  of  the  valley. 

SURFACE  WATERS 

2.034  Drainage  Areas  -  The  total  gross  drainage  area  of  the  Pembina  f 

River  above  its  confluence  with  the  Red  River  of  the  North  is  3,950 

square  miles.  Of  this  total  area,  1,989  square  miles,  or  slightly 

over  50  percent,  are  in  Canada,  while  the  remaining  1,961  square  miles 

are  in  the  United  States.  It  has  been  recognized  for  many  years  that 

prairie  watersheds  are  characterized  by  large  areas  of  depressional 

storage  which  may  or  may  not  contribute  to  streamflow  depending  on  * 

preceding  precipitation.  Shallow  depressions  are  usually  dry  and  the 
water  surface  in  deeper  depressions  may  be  several  feet  below  their 
outlet  level.  To  include  such  areas  as  a  portion  of  the  basin  con¬ 
tributing  to  streamflow,  except  in  the  very  wettest  of  years,  is  not 
considered  appropriate. 

9 

2.035  To  assist  in  the  determination  of  runoff  and  in  the  analysis  of 
hydrometric  (water  measurement)  records,  the  drainage  basin  above  the 
Pembilier  site,  has  been  separated  into  contributing  and  noncontributing 
areas.  The  noncontributing  drainage  area  has  been  defined  as  that  por¬ 
tion  of  the  drainage  basin  that  would  contribute  to  streamflows  no  more  ^ 

than  once  in  10  years  on  an  average.  The  contributing  drainage  area 
comprises  the  remainder  of  the  gross  drainage  area  (exhibit  2  and  table  5). 

The  noncontributing  area  within  the  total  watershed  of  3,335  square  miles 
tributary  to  the  Pembilier  damsite  amounts  to  620  square  miles  or  18.6 
percent.  Of  this  620  square  miles,  230  square  miles  are  located  in 

North  Dakota  and  390  square  miles  are  located  in  Manitoba.  The  total  j 

contributing  area  to  the  Pembilier  damsite  is  2,715  square  miles  of 
which  1,117  square  miles,  or  41.2,  are  in  North  Dakota  and  the  remaining 
1,598  square  miles,  or  58.8  percent,  are  in  Manitoba. 

2.036  Lakes.  Streams,  and  Reservoirs  -  The  Pembina  River  has  its  source 

in  the  Turtle  Mountain  about  10  miles  south  of  Boissevain,  at  about  ( 

elevation  2000.  Its  total  length  is  about  310  miles.  Six  lakes  and/or 

reservoirs,  all  of  which  are  in  Canada,  are  located  along  the  entire 

length  of  the  Pembina  River  Valley:  Bone,  Pelican,  Lome,  Louise,  Rock, 

and  Swan,  all  of  which  are  shallow  river  impoundments  and  are  susceptible 
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Table  5  -  Subbasin  drainage  areas  above  1-embilier  dai 

Basin  divisions  Country  divisions 
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to  "winter  kill"  conditions.  Other  lakes  in  the  Canadian  portion  or  the 
basin  include  Killarney,  George,  Charlton,  William,  Freddie,  and  Waldemar, 
plus  a  few  unnamed  lakes  in  the  Turtle  Mountain  area.  Lakes  within  the 
United  States  portion  of  the  basin  include  Carpenter  and  Oak  near  St.  John, 

Rock  near  the  community  of  Rock  Lake,  and  Rush  near  Hannah,  North  Dakota. 

2.037  The  principal  tributary  to  the  Pembina  River  lying  wholly  within 
North  Dakota  is  the  Tongue  River.  It  flows  east  and  northeast  to  its 
confluence  with  the  Pembina  River  at  a  point  9  river  miles  upstream  from 
the  Red  River  of  the  North.  The  Tongue  River,  which  drains  an  area  of 
about  479  square  miles,  is  approximately  100  miles  long  and  has  an  aver¬ 
age  slope  of  7.3  feet  per  mile.  Several  small  low-head  dams  have  been 
constructed  on  the  Tongue  River  and  one  larger  dam  which  created  Renwick 
Reservoir  at  Icelandic  State  Park.  Other  major  tributaries  include  the 
Little  South  Pembina  River,  which  drains  approximately  182  square  miles 
wholly  within  the  United  States;  Long  River,  with  a  drainage  area  of 
293  square  miles  which  flows  northward  through  both  countries;  and 
Badger  Creek,  which  also  flows  northward  through  both  countries,  draining 
832  square  miles  (including  the  Whitemud  Creek  basin).  Relatively 
minor  tributaries  include  the  Little  North  Pembina  River  and  Mowbray, 

Snowflake,  Mary  Jane,  Pilot,  and  Crystal  Creeks. 

STREAMFLOW  AND  LAKE  STAGE  DATA 

2.038  General  -  Twenty-six  stream-gaging  stations  and  four  lake-stage 
stations  are  presently  in  operation  in  the  Pembina  River  basin.  The 
Environment  Canada  and  the  U.S.  Geological  Survey,  with  the  assistance 
of  other  agencies,  maintain  and  operate  the  stream-gaging  program  in 
the  two  countries. 

2.039  Streamflow  records  on  the  Pembina  River  are  available  for  the 

International  gaging  station  at  Neche,  North  Dakota,  from 

May  1903  to  September  1915  and  from  April  1919  to  date;  and  at  Walhalla 

from  October  1939  to  date.  ■  Streamflow  records  are  available 

for  the  Pembina  River  near  Manitou,  Manitoba,  from  1921  to  1957  for 

open  water  periods  only.  Gaging  stations  on  the  tributaries  in 

Manitoba,  with  the  exception  of  Whitemud  Creek  west  of  Holmfield, 

Manitoba,  were  not  established  until  1959.  During  March  and  April 
1962,  11  gaging  stations  were  established  in  the  Pembina  River  basin 
in  Manitoba.  A  summary  of  pertinent  streamflow  and  lake- stage  records 
is  shown  in  table  6. 

2.04C  Runoff  Characteristics  -  A  review  of  the  streamflow  records 

indicates  that  the  average  annual  runoff  of  the  Pembina  River  near 

Manitou  for  the  37-year  period,  1921  to  1957,  was  73,050  acre-feet, 

which  is  eauivalent  to  a  depth  ot  0.75  inch  on  the  total  contributing  drrinaee 

area  of  1,825  square  miles.  The  average  annual  runoff  of  the  Pembina 

River  near  Walhalla  for  the  30  years  of  record,  1940-1969,  is  205  cfs 

(cubic  feet  per  second)  or  148,400  acre-feet,  which  is  equivalent  to 
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» 


ft 


1.02  inches  on  the  total  contributing  drainage  area  of  2,711  square 
miles.  Usually  about  80  percent  of  this  runoff  takes  place  in  the 
months  of  April,  May,  and  June.  The  maximum  annual  runoff  at  Walhalla 
during  the  1940-1969  period  occurred  in  1950  and  amounted  to  461,100 
acre-feet.  The  lowest  annual  runoff  during  this  same  period  was  7,100 
acre-feet;  however,  based  on  records  at  Neche,  the  estimated  lowest 
annual  runoff  for  the  Pembina  River  at  Walhalla  was  2,160  acre-feet 
in  1939.  At  Neche,  the  average  annual  runoff  for  61  years  of  record, 
1903-1908,  1909-1915,  1919-1969,  for  the  Pembina  River  is  169  cfs  or 
122,400  acre-feet,  which  is  equivalent  to  0.82  inch  on  the  approximate 
total  contributing  drainage  area  of  2,795  square  miles.  The  above 
variation  in  the  annual  runoff  is  due  primarily  to  use  of  different 
periods  and  to  the  fact  that  some  high  flows  are  diverted  into  other 
basins,  as  in  the  reach  between  Walhalla  and  Neche.  Pertinent  data  on  the 
floods  of  record  for  the  Pembina  River  near  Walhalla  are  given  in 
tat les  7  and  8. 

2.041  Flood  Characteristics  -  Generally,  the  topography  of  the  Pembina 
River  watershed  is  not  conducive  to  the  production  of  high  long-term 
flood  flows.  i'.\e  large  percentage  of  the  area  that  is  poorly  drained, 
in  addition  to  the  areas  which  have  no  drainage,  reduces  the  magnitude 
of  the  flood  flows  below  that  which  might  normally  be  expected  from  a 
drainage  area  of  this  size.  However,  the  steep  valley  slopes  in  some 
part=  of  the  basin  along  the  Pembina  River  and  its  tributaries  produce 
a  rapid  runoff. 

2.042  Nearly  all  the  floods  in  the  Pembina  River  have  occurred  during 
the  spring  season.  The  floods  are  usually  the  result  of  rapid  melting 
of  snow,  sometimes  accompanied  by  rainfall,  or  from  heavy  spring  rains 
following  snowmelt  when  conditions  are  favorable  for  high  runoff. 

Prior  to  spring  breakup,  average  snow  depths  of  1  to  2  1/2  feet  are 
common  with  snow  accumulating  in  valleys  and  coulees  to  greater  depths. 
Factors  affecting  the  size  of  spring  floods  include  the  amount  of  snow 
on  the  grounds,  the  depth  of  frost  in  the  ground,  temperatures  during 
breakup,  and  spring  rains.  Spring  rains  have  prolonged  some  of  the 
snowmelt  floods  or  caused  subsequent  floods  after  snowmelt  runoff. 

Summer  storms  do  not  often  occur  over  large  areas  of  the  basin,  and 
floods  are  rare  in  the  summer  season,  although  small  rises  in  stream- 
flow  occur  occasionally.  No  known  floods  have  occurred  in  the  fall  or 
winter  seasons.  The  lakes  in  the  upper  valley  tend  to  retard  the  runoff 
from  the  area  above  their  outlets  so  that  the  flood  peaks  downstream 
are  somewhat  modified. 


2.043  Floods  of  Record  -  The  largest  flood  of  record  on  cue  Pembina 
River  occurred  in  April  1950.  The  flood  resulted  from  the  rapid  melting 
of  a  very  heavy  snow  cover  concentrated  generally  downstream  from  Mani- 
tou.  Peak  discharges  observed  were  2,660  cfs  on  17  April  near  Manitou, 
20,400  cfs  on  18  April  at  Walhalla,  and  10,7000  cfs  on  20  April  at  Neche. 
Following  a  recession,  additional  snowmelt  and  spring  rains  caused  the 
second  highest  peak  discharge  of  record  at  Walhalla  with  peak  flows  of 
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TABLE  7 


Data  for  floods  of  record  on  the  Pembina  River  near  Walhalla, 

_ 1940-1971 


Instantaneous 
Date  of  peak  stage 
peak _ (feet) _ 


Duration 

Maximum  discharge  (days) 

_ (cf  s) _  above 

Mean  2,000 

Instantaneous  daily _ cfs 


N .  Dak . , 


Volume 
(inches) 
depth  on 
drainage 
area(l) 


18  Apr  50 

19.20 

20,400 

13,800 

8 

0.681 

27  Apr  74 

15.19 

13,800 

13,300 

59(9) 

9-10  May  50 

17.23 

11,000 

7,590 

21 

1.067 

11  Apr  71 

14.56 

9,320 

30 

1.372 

26  Apr  70 

15.08 

0C 

7,810 

34(2) 

1.382 

21  May  74 

13.38 

9,030 

7,860 

59(9) 

20  Apr  69 

14.58 

8,440 

8,100 

30 

1.785 

19  Apr  48 

14.94 

7,280 

4,340 

7(3) 

0.260 

25  Apr  56 

12.89 

5,990 

5,080 

11(4) 

0.511 

19  Apr  49 

13.18 

5,840 

5,740 

26 

1.234 

12  Apr  60 

12.50 

5,690 

4,360 

22 

0.795 

19  Apr  62 

11.74 

5,110 

3,730 

4 

0.176 

5  Apr  42 

12.45(5) 

11(6) 

0.416 

11  Apr  65 

12.68 

4,960 

4,050 

4 

KBS 

31  Mar  66 

14.82(5) 

4,420 

5 

wBm 

11  Jun  70 

9.79 

3 

21  Apr  67 

12.10 

4,530 

3 

mm 

6  May  67 

11.60 

4,180 

HEEgra  ‘ '  p 

2 

mam 

10  Apr  41 

10. 5 (?) 

3,840 

BKWn?i|l 

7 

mffi 

8  May  56 

9.92 

3,770 

3,420 

18(4) 

0.724 

2  Apr  55 

11.33(5) 

2,800 

7 

0.231 

16  May  70 

8.24 

2,790 

16(8) 

0.525 

26  Mar  45 

9.20 

IBIMtWi  ^ftl 

2,780 

3 

0.106 

5  May  66 

9.73 

2,930 

2,420 

1 

0.033 

19  Mar  46 

9.24(5) 

7(7) 

0.247 

(1)  Contributing  drainage  area  =  2,715  snuare  miles. 

(2)  Not  consecutive  3  and  31  days. 

(3)  Not  consecutive  4  and  3  days. 

(4)  Total  consecutive  duration  days  for  1956  were  29  days;  11  in 

April  and  18  in  May. 

(5)  Backwater  from  ice. 

(6)  Not  consecutive  6  and  5  days. 

(7)  Estimated  by  Corps  of  Engineers. 

(8)  Volume  for  16  days  is  also  included  with  34  days  duration  for 
highest  peak  for  1970. 

(9)  59  Consecutive  days  included  peaks  of  both  27  Apr  and  21  May. 


1,950  cfs  on  9  May  near  Manitou,  11,000  cfs  on  9  May  at  Walhalla,  and 
3,320  cfs  on  12  May  at  Neche.  The  reduction  in  peak  flows  for  large 
floods  between  Walhalla  and  Neche  is  due  to  overflow  above  Neche  reaching 
other  basins  and  to  storage  in  that  reach.  Downstream  on  the  Red 
River  of  the  North  at  Emerson,  there  was  little  recession  from  the  April 
peak  when  the  May  rise  started.  The  highest  discharge  of  record,  95,500  cf 
occurred  on  13  May  1950  while  the  greatest  mean  daily  discharge  was 
recorded  on  14  May  1950  at  94,400  cfs  (table  8).  However,  based  on 
records  at  Winnipeg,  historical  floods  in  1326,  1852  and  1361  on  the 
Red  River  of  the  North  reached  greater  discharges  at  Emerson  than  the 
1950  flood  on  the  Pembina  River.  The  largest  observed  discharge  of 
record  near  Manitou  was  5,030  cfs  on  17  April  1949.  The  largest  dis¬ 
charge  of  record  for  the  station  established  in  October  1957  near 
Kaleida,  Manitoba,  was  the  instantaneous  peak  discharge  of  10,200  cfs 
on  April  1969  with  a  mean  daily  peak  of  9,400  cfs.  In  addition  to 
the  extremely  large  flood  of  April  and  May  1950,  large  floods  have 
also  occurred  in  the  Pembina  River  basin  in  April  of  each  of  the 
following  years:  1942,  1948,  1949,  1956,  1960,  1962,  1965,  1966,  1967, 
1969,  1970,  1971  and  1974.  For  large  floods,  the  mean  daily  discharges 
observed  at  Neche  were  smaller  than  at  Walhalla  because  of  the  natural 
breakout  and  storage  between  the  two  stations.  The  April  1969,  1970, 

197]  and  1974  large  peak  flows  were  caused  bv  rapid  snowmelt  of  above- 
norml  accumulation  of  snowfall  accompanied  bv  small  amounts  of 
rainfall  during  the  snowmelt  period. 
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TABLE  8 


Mean  dailv  neak  flows  at  Pembina 

River  gaging 

station 

(cfs) 

Date 

Pembina 

Piver 

near 

Manitou''  ' 

Little 

Pembina 

Piver 

near 

Walhalla 

Pembina 

Piver 

near 

Walhalla 

Pembina 

River 

at 

Neche 

Pembina 

River 

near 

Kaleida 

1 

i 

Anr  1948 

1,190 

4,340 

3,600 

• 

Aor  1949 

5.030 

5,740 

4,910 

Adc  1950 

2,660 

13,800 

7.700 

Mav  1950 

1,950 

7,590 

5,170 

• 

Anr  1956 

1  ,440 

2,080 

5,080 

4,800 

Mav  1956 

2,480 

408 

3,420 

3,070 

Anr  1960 

2,150 

4,360 

3,800 

2,620 

* 

Apr  1962 

2,500 

3,730 

3,600 

1,220 

Apr  1965 

1,590 

4,050 

3,400 

1,240 

Mar-Apr 

1966 

1,350 

4,420 

4,000 

2,050 

* 

A.pr  1967 

1,320 

4,170 

2,840 

1,430 

Apr  1969 

3,260 

8,100 

6,940 

9,400 

1 

• 

Apr  1970 

2,390 

7,810 

6,350 

(2) 

Anr  1971 

2,310 

9,320 

7,080 

(2) 

Apr  1974 

(2) 

13,300 

9,950 

(2) 

• 

Mav  1974 

(2) 

7,860 

6  120 

(2) 

(1)  Based  on  once  a  dav  gage  reading. 

(2)  Data  not  available. 
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2.044  floods  in  the  lower  Pembina  River  Basin  inundate  large  areas. 
The  river  flows  through  a  broad,  flat  floodplain,  and  stream  banks 
are  often  higher  than  the  surrounding  floodplain.  Once  water  has 
overtopned  the  banks  and  lias  left  the  channel,  it  often  flows  over¬ 
land  into  the  adiacent  Tongue  River  to  the  south*.,  or  to  the  Aux 
Marais  River  in  Manitoba. 

WATER  SITPLY 


2.045  WalhaLla,  North  Dakota,  tlie  largest  communitv  on  the  Pembina 
Piver,  obtains  water  from  shallow  wells  while  Neche  and  Pembina,  North 
Dakota,  use  river  water  as  a  source  of  supnlv.  Neche  treats  the 
lamest  auantitv  of  water  along  the  Pembina  River,  but  about  80  percent 
of  the  treated  water  is  furnished  to  the  communities  of  Gretna  and 
Altona  in  Manitoba.  A  summary  of  present  water  supply  data  is 
given  in  table  9.  Present  or  alternative  sources  of  water  supply 
are  expected  to  be  adequate  for  Walhalla  and  Pembina  under  forseeable 
future  conditions.  However,  Neche,  Gretna  and  Altona  are  in  need  of  a  more 
dependable  supply  for  present  and  future  needs. 

_ Table  9  -  Present  municipal  water  supply  data _ 

Present  Existing 

1970  Present  average  treatment 

Town  or  popu-  source  of  demand  plant  capacity 

village _ lation _ supply _ (gal/day) _ (gal/day) 


Walhalla,  ND 

1.417 

Wells 

50,00" 

260,00'" 

Neche,  N.Dak.'-O 

451 

Pembina  River 

334 ,000^ 1 ^ 

710,000 

Gretna,  Man. 

575 

Altona,  Man . 

2,026 

Pembina,  N.Dak. 

741 

Pembina  River 

50,000 

634,000 

(1)  Includes  average  demand  for  Gretna  and  Altona. 

2.04b  An  investigation  of  possible  supplemental,  or  alternative  water 
supplies  (Feasibility  Study,  App.  D)  identified  the  following  alterna¬ 
tives:  (1)  a  multiple-purpose  reservoir  on  the  Pembina  River,  (2) 

off-channel  storage  at  Neche,  (3)  a  lowhead  dam  on  the  Red  River 
cf  the  North  with  a  connecting  pipeline  to  Neche,  (4)  a  well  field 
at  the  Fordville  aquifer  and  a  connecting  pipeline  to  IJeche,  and  (p)  a 
well  field  at  the  Gardar  aquifer  and  a  connecting  pipeline  to  Neche. 

Of  the  five  alternatives,  four  could  adequately  supply  the  present 
and  future  needs  (Gardar  could  not).  Considering  all  water  resource 
planning  objectives,  off-channel  storage  at  Neche  would  provide  the 
best  single-purpose  water  supply  alternative.  Upstream  reservoir 
storage,  however,  is  the  only  water  supply  alternative  which  could 
be  expanded  to  include  other  purposes  commensurate  with  the  other 
specific  water  and  related  land  resources  objectives  of  the  area. 
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WATER  QUALITY 


2.047  Monthly  and  yearly  flow  weighted  averages  were  determined  for  sev¬ 
eral  water  quality  parameters  using  U.S.  Geological  Survey  data  for  the 
years  1963-72  for  the  Pembina  River  near  Walhalla,  North  Dakota  (exhibit 
3).  In  many  cases,  average  monthly  concentrations  are  based  on  less 
than  a  30-day  composite  sample  which  may  bias  the  results  if  the  para¬ 
meters  are  correlated  with  stream  flow. 

2.048  Nitrate  concentrations  (expressed  an  mg/1  N)  exhibited  wide 
monthly  (00.0  to  7.00  mg/1  N)  and  yearly  (0.96  to  3.70  mg/1  N)  variations. 
Monthly  averages  for  the  entire  period  ranged  from  0.00  mg/1  N  in  Septem¬ 
ber  to  1.92  mg/1  N  in  March.  Nitrate  concentrations  appeared  to  exhibit 
some  positive  correlation  with  discharge  with  maximum  concentrations 
occurring  during  spring  runoff  events.  The  average  concentration  for  the 
entire  period  was  0.92  mg/1  N. 

2.049  Dissolved  phosphorous  concentrations  followed  a  pattern  similar 
to  that  exhibited  by  nitrate  concentrations.  Individual  average  monthly 
concentrations  ranged  from  0.01  mg/1-  to  3.90  mg/1  while  the  monthly 
averages  for  the  4-year  period  ranged  from  0.06  mg/1  in  early  winter 
to  1.98  mg/1  in  April.  Average  yearly  concentrations  for  the  period 
ranged  from  0.15  to  2.90  mg/1.  The  average  concentration  for  the 
entire  period  was  0.75  mg/1. 

2.050  Alkalinity  (as  mg/1  bicarbonate)  appeared  to  be  inversely  related 
to  discharge  with  an  average  for  the  entire  period  of  about  200  mg/1. 
Average  concentrations  of  nitrogen,  phosphorous,  and  bicarbonate 
indicate  a  nutrient  potential  capable  of  supporting  a  large  aquatic 
plant  biomass  under  the  proper  set  of  conditions.  Calcium  was  the 
principal  cation  present  in  the  water  samples  with  an  average  concentration 
for  the  period  of  54  mg/1.  Sodium,  magnesium,  and  potassium  were  less 
abundant  with  average  concentrations  for  the  period  of  33,  18,  and  8  mg/1, 
respectively. 

2.051  The  State  of  North  Dakota  has  developed  water  use  classifications, 
and  associated  water  quality  standards,  for  waters  of  the  State  in  ac¬ 
cordance  with  Federal  regulations  (Exhibit  16).  The  Pembina  River  is 
currently  classified  as  a  type  I-A  stream,  i.e.  it  is  supposed  to  be 
suitable  for  the  propagation  of  native  aquatic  species  under  natural 
conditions  and  should  also  be  suitable  for  total  water  contact  recreation. 

2.052  Examination  of  data  contained  in  Exhibit  3  indicates  that  the 
established  nitrate  standards  for  the  river  (4.0  mg/1  as  nitrate)  are 
presently  exceeded  during  spring  runoff  periods .V  Phosphate  standards 
(0.1  mg/1  as  phosphorous) are  presently  exceeded  during  most  of  the  year. 
Additional  water  quality  data  collected  by  the  N.D.  State  Health  Depart¬ 
ment  at  their  sampling  station  near  Walhalla  indicates  that  phosphorus 
standards  are  exceeded  about  48  percent  of  the  time.  For  27  samples 
during  the  period  7-20-71  to  9-10-73,  the  mean  phosphate  concentration 
was  about  0.11  mg/1  measured  as  phosphorous  and  the  concentrations 
ranged  from  0.01  to  0.26  mg/1  as  P. 

1 J  To  obtain  mg/1  of  nitrate  from  the  data  in  Exhibit  3,  multiply 
the  tabular  values  by  4.4. 
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2.053  Recommended  limits  for  drinking  water  quality,  for  sulfates 
and  total  dissolved  solids  (TDS),  as  set  by  the  U.S.  Public  Health 
Service,  are  250  and  500  mg/1,  respectively.  At  concentrations  ex¬ 
ceeding  these  values  undesirable  tastes  may  occur  and  cathartic  effects 
may  be  experienced  by  some  people.  Only  two  average  monthly  sulfate 
concentrations  exceeded  the  desirable  limit  during  the  4-year  period 
at  Walhalla  (exhibit  3),  while  31  average  monthly  TDS  concentrations 
exceeded  the  desirable  limit,  i.e.  TDS  exceeded  the  limits  65  percent 
of  the  time. 

2.054  The  International  Joint  Commission  (1JC)(1974)  in  their  report 
on  the  Pembina  River  basin  stated  that  the  dissolved  oxygen  (D.O.) 
and  the  biochemical  oxygen  demand  (B.O.D.)  (presumably  these  data  were  from 
Canadian  monitoring  stations)  values  indicated  a  poor  quality  environ¬ 
ment  for  aquatic  life  since  D.O.  occasionally  dropped  to  zero  and  B.O.D. 
was  as  high  as  15  mg/1.  However,  except  for  high  suspended  solids, 
the  mean  concentrations  of  various  substances  did  not  exceed  drinking 
water  standards  recommended  by  the  U.S.  Public  Health  Service.  Analysis 
of  sixty-two  samples  from  the  N.D.  State  Department  of  Health  water 
quality  station  near  Walhalla  indicates,  that  for  the  period  from 
7-17-68  to  9-10-73,  D.O.  concentration  in  the  river  ranged  from  4.8  to 
14.3  mg/1,  averaged  10.2  rag/1,  and  only  dropped  below  the  State  standard 
of  85.0  mg/1  on  one  occasion.  B.O.D.  values  for  the  same  period  ranged 
from  0.6  to  12.2  mg/l  and  averaged  3.1  mg/1. 

2.055  The  average  annual  suspended  sediment  load  of  the  river  at 
Walhalla  for  the  years  1968-72  was  667,000  tons/year  and  ranged  from 
269,000  to  983,000  tons/year.  This  is  almost  3  times  the  long-term 
average  sediment  load  for  the  period  from  1939-69  of  226,000  tons/year. 
Average  annual  flow  for  the  1968-72  period  was  490  cfs  which  was  approx¬ 
imately  2.4  times  greater  than  the  average  annual  flow  of  205  cfs  for 
the  period  1939-69. 

2.056  Occasional  heavy  algae  growths  have  occurred  in  the  Pembina 
Valley  lakes  in  Manitoba.  Toxic  algae  blooms  occurred  in  1962  in  Rock 
and  Pelican  Lakes  which  required  posting  use  restrictions  in  order  to 
prevent  serious  illness  to  recreationalists  (Rock  Lake  Experimental 
Algae  Control  Program,  1972).  The  Province  of  Manitoba  is  continuing 
to  monitor  these  lakes  and  to  offer  technical  assistance  in  an  attempt 
to  control  algae  blooms. 

VEGETATION  RESOURCES 

2*^57  General  -  The  Pembina  River  basin  is  the  meeting  ground  for  at 
least  three  major  biomes  or  major  natural  plant  communities:  the  Aspen 
Parkland  (Coniferous  Forest  -  Grassland  Ecotone)  from  the  north,  the 
Tall  Grass  Prairie  from  the  west  and  south,  and  the  Oak  Parkland  (De¬ 
ciduous  Forest  -  Grassland  Ecotone)  and  Eastern  Deciduous  Forest  from 
the  east.  Trees  are  present  in  shelter-belts,  other  restricted  areas, 
and  along  streams  where  they  can  obtain  sufficient  moisture  and  are 
not  subject  to  clearing  for  agricultural  purposes,  and  in  the  past,  to 
prairie  fires. 
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2.058  On  moist  sites  in  the  upper  reaches  of  the  basin,  the  forest 
cover  in  heavily  wooded  areas  is  primarily  a  quaking  aspen  -  paper 
birch  type  with  mixtures  of  American  elm,  green  ash,  bur  oak,  and 
balsam  poplar.  On  the  upper  slopes  are  patches  of  wolfberry,  wild 
rose,  and  buffalo  berry.  In  the  more  open  sites  there  is  a  great  va¬ 
riety  of  shrubs  and  herbaceous  growth  such  as  hazel,  chokecherry, 
wild  plum,  dogwood,  wild  rose,  and  highbush  cranberry. 

2.059  The  Pembina  River  Valley  upstream  from  the  proposed  darasite  is 
wide  and  deep  and  wooded  up  to  the  rim  of  the  upland  plain.  An  under¬ 
story  of  native  shrubs  also  exists.  In  proceeding  upstream  the  valley 
banks  become  lower  and  the  forested  areas  decrease. 

2.060  In  the  eastern  section,  the  steep  banks  of  the  Pembina  River 
channel  are  generally  wooded.  The  vegetation  on  the  valley  bottom  is 
chiefly  bur  oak,  quaking  aspen,  hazel,  American  elm,  birch,  cottonwood, 
basswood,  box  elder,  maple,  and  saskatoon  (also  called  Juneberry  or 
serviceberry) ,  similar  in  type,  but  more  vigorous  in  growth  than  that  of 
the  slopes. 

2.061  Although  most  of  the  original  vegetation  has  been  cleared  or 
plowed  on  the  basin's  level  and  undulating  land,  a  moderate  propor¬ 
tion  of  the  steeper  river  valley  land,  too  sloping  to  till,  supports 
vegetation  relatively  undisturbed  by  human  use.  The  Pembina  Escarp¬ 
ment  region  is  one  of  the  few  remaining  semi-wilderness  areas  in  North 
Dakota.  The  rugged  wood  slopes  and  bottomlands  have  an  aesthetic  scenic 
beauty.  The  area  contains  some  of  the  best  ruffed  grouse  habitat  in 
the  State  and  is  considered  a  high  quality  deer  range  which  suDDorts  a 
large  herd  of  deer. 

2.062  The  Canadian  portion  of  the  basin  and  a  small  percentage  of  the 
United  States  portion  are  on  the  southern  edge  of  the  Aspen  Parkland's 
eastern  limits.  This  ecosystem  is  transitional  between  the  grasslands 
of  the  Great  Plains  and  the  Northern  Coniferous  Forest.  It  is  typified 
by  areas  of  poor  drainage  which  support  stands  of  aspen  and  some  bur  oak 
that  are  intermingled  in  a  mosaic  with  grassland.  In  this  area  of  little 
relief,  few  other  trees  grow  but  a  heavy  under story  of  shrub  is  found  in 
most  patches  of  forest,  with  usually  a  modest  herbaceous  layer. 

2.063  The  Pembina  River  Valley  has  four  major  natural  ecosystems: 

a.  Bottomland  Hardwood  (Eastern  Deciduous)  Forest  and  nonforested 
floodplain  communities. 

b.  Upland  Mixed  Hardwood  (Eastern  Deciduous) . Forest  on  the 
raoister  slopes 

c.  Upland  Oak  Savanna  Woodland  (Oak  Parkland)  and  other  dry 
slope  communities. 

d.  Tail-grass  Prairie  on  relatively  undisturbed  upland  and 
other  fairly  level  areas. 
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2.064  Eastern  Deciduous  Forest  Biome  -  SLnncis  of  the  i. astern  Deciduous 
Forest  Biome  reach  up  into  the  Pembina  River  Valley  on  the  moist  north¬ 
facing  valley  slopes  and  floodplain.  Not  all  species  found  in  Minnesota 
and  other  States  to  the  east  are  found  in  North  Dakota,  and  fewer  still 
are  found  in  the  basin  area  in  Manitoba.  The  bottomland  (floodplain) 
hardwood  forest  is  mainly  box  elder,  American  elm,  and  green  ash,  with 
some  quaking  aspen,  basswood,  paper  birch,  and  bur  oak  and  a  few  balsam 
poplar.  Many  cottonwood  and  some  peachleaf  willow  grow  on  the  river- 
banks.  The  poorly  developed  shrub  layer  is  dominated  by  chokecherry, 
red  osier  dogwood,  and  wolfberry.  Floodplain  herb  vegetation  generally 
consists  of  species  common  to  frequently  disturbed  habitats.  Herb 
dominants  are  smooth  bromegrass,  woodnettle,  and  tall  conef lower.  Tree 
seedlings  are  also  common.  The  moist  slopes  -  those  facing  north  and 
east  -  also  support  fairly  dense  deciduous  forest,  without  the  willow 
and  cottonwood,  and  with  an  occasional  bur  oak.  Brush  understory  is 
well-developed  here,  shading  out  many  herbs.  Abundant  groundwater 
exists  in  the  bottomland  ecosystem.  The  soil  is  moist  and  firm. 

2.065  Upland  Mixed  Hardwood  Forest  -  On  the  moist  slopes  the  fairly 
dense  Upland  Mixed  Hardwood  Forest  is  found.  Its  dominant  trees  are 
medium  to  tall  basswood,  aspen,  green  ash,  and  paper  birch.  The 
well-developed  shrub  layer  is  usually  hazel  and  chokecherry.  The 
poorly  developed  herb  stratum  is  made  up  of  wild  sarsaparilla,  wild 
ginger,  poison  ivy,  sedges,  etc. 

2.066  Upland  Oak  Savanna  Woodland  -  Due  to  the  control  of  prairie  fires 
in  recent  decades,  the  Upland  Oak  Savanna  -  a  grassland  dotted  with 
scattered  trees  -  lias  gradually  succeeded  to  Oak  Savanna  Woodland  on 
the  dry  sites  of  the  eastern  part  of  the  basin.  This  type  of  community 
includes  occasional  aspen,  box  elder,  and  ash  and  is  often  found  on 
dry  south-  and  west-facing  slopes  and  occasionally  on  the  upland  areas. 
This  Savanna  Woodland  is  characterized  by  rather  short  (15  to  20  feet 
tall)  trees.  The  shrub  layer  consists  primarily  of  small  wolfberry, 
saskatoon,  and  chokecherry.  Principal  herbs  of  the  Savanna  Woodland 
floor  are  columbine,  Canada  anemone,  and  Pennsylvania  sedge,  usually 
with  a  small  percentage  of  bare  ground.  The  herb  layer  is  usually 
well-developed.  When  cleared,  this  land  is  used  for  pasture  and  some 
small  grains  suited  to  drier  conditions.  A  localized  variation  of  the 
the  dry  slope  habitat  is  the  small  chokecherry  or  hazel  thicket  with  a 
closed  canopy,  very  little  shrub  understory,  and  an  herb  layer  with 
Canada  anemone,  a  smooth  goldenrod,  quackgrass,  and  wolfberry  as  domi¬ 
nants.  Other  dry  slope  communities,  especially  those  on  the  powdery 
unstable  slopes,  are  devoid  of  trees  and  large  shrubs  and  consequently 
have  a  very  different  character.  They  are  subject  to  much  greater  vari¬ 
ations  of  temperature  and  moisture,  resulting  in  a  lowering  of  species 
diversity  and  ecosystem  stability.  A  much  greater  percentage  of  bare 
ground  occurs  here,  leaving  the  soil  subject  to  weathering  and 
erosion. 

2.067  Tall-Crass  Prairie  -  Non-foreste  :  floodplain  (tail-grass  prairie) 
ecosystem  differences  are  influenced  by  the  frequency  with  which  they 
are  flooded  and  thus  disturbed.  A  frequently  disturbed  area,  with  very 
little  bare  ground,  has  white  and  yellow  sweet  clover,  common  sunflower, 
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hedge  nettle,  and  wild  buckwheat  predominating.  L*. . 
covered  areas  witli  chokecherry,  wolfberry,  and  red 
a  prairie-like  composition  with  dominants  of  Kenturi 
smooth  brome  and  wolfberry.  Moderate  to  great  divt  r. 
little  bare  ground  occur  in  these  communities.  Tin. i  i 
that  those  areas  undergo  greater  silt  deposition  t  hi. 
the  earlier  successional  species  would  therefore  :>eci. 


.  hii’lii  e 

:  ,  and 

>  i  i-J  . 


2.068  Vegetation  Sampling  -  Transects  were  chosen  u 
River  Valley  perpendicular  to  the  Pembina  River  down:.u 
Herb  quadrat  locations  were  chosen  first  to  sample  n-jm 
plant  communities  expected  to  be  distinct  along  a  trau.-i 
to  sample  sites  which  would  be  permanently  inundated  and 
be  subject  to  floodwater  storage.  Gubesquent  :  ■>  the  sai  • 
posed  dam  location  and  water  storage  levels  were  <  h  uigo.l 
lieu  of  better  information,  the  results  of  the  survey  art- 
exhibit  4  although  the  references  to  elevation  1015  being 
manent  pool,  for  example,  should  be  understood  to  be  appii, 
earlier  project  proposal.  The  survey  indicates  there  is 
diversity  in  the  project  area,  and  several  of  the  spec ieo  , 
in  North  Dakota  only  in  the  project  area. 


2.069  In  July  of  1971,  the  forest  land  within  the  tin. 
manent  pool  area  was  cruised  by  the  USDA  Forest  Service 
Division  of  State  and  Private  Forestry.  Other  aspect s 
tion  were  sampled  at  the  same  time  on  35  tenth-acre  pl< 
randomly,  but  systematically,  located  using  a  dot  grid 
suits  of  the  quadrat  surveys  are  presented  in  exhibit 
of  the  timber  (cruise)  estimates  are  found  in  exhibit  ( 
from  the  ground  cover  estimates  (exhibit  7)  were  e x L r a j 
rest  of  the  365  forested  acres  estimated  to  be  in  tin  i 
area.  Inspection  of  exhibit  6,  however,  indicates  tli.t 
applicable  to  the  earlier  project  proposal  (as  regards 
and/or  water  levels)  and  that  the  survey  was  conduct  id 
benefit  of  a  thorough  briefing  on  the  project  or  its  oi 
data  therefore  must  not  be  considered  as  directly  nppl: 
current  project  proposal.  However,  the  data  are  preset 
of  these  problems,  because  they  represent  some  of  the  > 
tive  information  on  the  project  area. 


2,070  One  of  the  conclusions  resulting  from  the  Forest  Sci" 
was  that  the  great  variation  in  timber  volume  between  plou 
the  accuracy  of  estimates  of  overall  timber  volume  to  be  lot 
Nevet theless ,  it  was  concluded  that  very  little  commercial 
be  placed  on  the  timber  resource  within  the  reservoir  art,  i 
(1)  the  small  volume,  and  (2)  the  lack  of  existing  inJusir. 
the  material.  However,  it  was  noted  that  the  forest  res.-.u 
important  uses  in  this  case  than  furnishing  the  raw  matoi i  ■ 
wood-using  operation.  These  other  uses  include: 

1.  Erosion  deterrent  for  the  highly  unstable  i  U  • 
up  the  lower  Pembina  River  drainage. 
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2.  Aesthetic  or  recreational  value. 

3.  Cover  for  wildlife,  protection  which  is  not  afforded  by  the 
famed  fields  on  either  side  of  the  Pembina  River  Valley. 

2.071  Some  of  the  types  of  ground  cover  that  would  be  inundated  by 
the  proposed  project  are  shown  in  exhibit  8. 

2.072  '.Woodlands  -  North  Dakota,  with  a  total  of  about  400,000  acres  of 
"natural"  forested  lands,  has  a  smaller  percentage  of  woodland  area  than 
anv  other  of  the  50  States.  With  the  exception  of  a  narrow  fringe  of 
trees  along  some  stream  courses,  only  four  or  five  extensive  areas  in  the 
State  are  naturally  wooded.  The  Turtle  Mountain  in  the  Souris  River  basin, 
the  upper  Pembina  River  Valley,  and  an  extensive  wooded  area  around 
Devils  Lake  comprise  the  most  important  remaining  areas  of  natural 
woodlands.  About  252,000  acres  of  timber  remained  in  these  three  areas 
prior  to  1970  (table  10). 


Table  10-  Woodland  in  Turtle  Mountain,  Upper  Pembina 

_ Valley  and  Devils  Lake  Area _ _ 

Publicly  Woodland  remaining 
Existing  owned  to  be  acquired 

woodland  woodland  to  assure  preservation 
Area _ (acres) _ (acres) _ of  the  area  (acres) 


Souris  River  Basin 


Turtle  Mountain  125,000 

Red  River  of  the  North  basin 

Upper  Pembina  Valley  84,000 

Devils  Lake  area  43,000 

Total  252,000 


20,700 

5,770 

1,730 

28,200 


104.300 

78,230 

41,270 

223.300 


Source:  Souris-Red-Rainy  River  Basins  Comprehensive  Framework  Study, 

Field  Review  Draft,  Appendix  J,  Fish  and  Wildlife,  September 
1970. 

2.073  Clearing  of  these  forest  lands  for  conversion  to  agricultural 
production  has  been  accelerating.  A  recent  survey  indicates  that  about 
35  percent  of  the  woodland  in  these  areas  has  been  cleared  in  the  past 
20  years.  Estimates  based  on  the  1967  Conservation  Needs  Inventory 
and  on  1958  Soil  Conservation  Service  (SCS)  data  indicate  that  the 
annual  rate  of  clearing  of  forest  land  was  1.0  percent  for  Pembina 
County,  3.6  percent  for  Cavalier  County,  3.4  percent  for  Towner  County, 
and  0.1  percent  for  Rolette  County  during  1958-1967.  As  a  result, 
valuable  wildlife  habitat  is  being  lost,  and  the  aesthetic  qualities 
responsible  for  general  recreation  interest  in  these  areas  are  declining. 
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Recent  legislation  in  North  Dakota  has  provided  a  woodland  tax  abate¬ 
ment  for  maintaining  woodlands,  but  apparently  this  is  not  a  sufficient 
deterrent  to  clearing.  Unfortunately,  the  native  trees  pi  duced  on 
these  lands  have  very  little  market  value,  and  thus  landowners  have 
little  incentive  to  save  them. 

2.074  Based  on  past  clearing  trends,  incentives  to  dear  woodland 
areas  appear  to  be  more  compelling  than  incentives  Lo  i\  Lain  them. 

Unless  this  situation  is  reversed,  public  ownership  appears  to  be  the 
only  solution  to  preservation  of  a  substantial  acreage  of  these  vital 
woodlands.  Floodplain  zoning  has  been  suggested  as  a  means  of  preserv¬ 
ing  bottomland  timber.  (Note  that  such  a  program  wouLd  have  a  different 
intent  than  the  floodplain  regulation  for  structures  described  in  the 
ALTERNATIVES  section.)  Of  the  approximately  252,000  acres  of  forest 
land  remaining  in  the  Turtle  Mountain,  Upper  Pembina  Valley  and  Devils 
Lake  areas,  about  28,200  acres  are  currently  in  public  ownership,  leav¬ 
ing  about  223,800  acres  in  private  ownership  and  vulnerable  to  c.3  aring 
(table  10).  Given  the  present  set  of  incentives  pertaining  to  woodlands, 
these  privately  owned  woodlands  would  have  to  be  acquired  to  assure  com¬ 
plete  preservation  of  the  last  remaining  large  blocks  of  natural  timber 
in  North  Dakota.  The  State  Forest  Service  has  recommended  a  10-year 
program  to  acquire  the  223,800  acres  of  land  needed  to  assure  complete 
preservation  of  the  Turtle  Mountain,  Upper  Pembina  Valley,  and  Devils 
Lake  woodlands.  The  State  Forest  Service,  State  Park  Service,  and 
State  Game  and  Fish  Department  would  be  the  principle  agencies  involved 
in  the  recommended  land  aquisition.  Technical,  engineering,  and  legal 
assistance  from  the  State  Outdoor  Recreation  Agency,  State  Highway 
Department,  and  State  Water  Commission  would  be  an  important  part  of 
the  program. 

2.075  In  addition  to  the  specific  program  recommended  to  preserve  the 
remaining  Turtle  Mountain,  Upper  Pembina  Valley,  and  Devils  Lake  wood¬ 
lands,  protection  of  the  remaining  stream  valley  woodlands  is  considered 
equally  important.  Bottomland  timber  does  not  lend  itself  to  a  major 
acquisition  program  as  do  the  large  blocks  of  hill  timber.  The  greatest 
opportunity  to  preserve  a  substantial  portion  of  the  State's  valley 
woodlands  is  through  a  kind  of  floodplain  zoning  or  river  corridor 
management  which  would  assign  a  high  priority  to  retaining  natural  wood¬ 
lands  in  floodplains. 

2.076  Preservation  of  the  large  acreage  of  woodland  discussed  earlier 
would  help  assure  the  prepetuation  of  wildlife  associated  with  the 
forest  environments  of  the  Turtle  Mountain,  Upper  Pembina  Valley,  and 
Devils  Lake  areas.  Management  of  the  woodlands  by  the  several  State 
agencies  could  maintain  or  improve  existing  habitat  and  perhaps  greatly 
increase  its  present  capacity  for  wildlife  production.  As  a  result  of 
maintained  wildlife  populations  and  improved  access  to  the  woodlands,  a 
major  decrease  in  hunter-day  use  could  be  prevented.  Equally  important 
environmental  benefits  related  to  natural  beauty,  aesthetics,  and  out¬ 
door  recreation  could  also  be  realized. 
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2.077  In  1962,  the  North  Dakota  Deputy  State  Forester  urged  that  the 
State  concentrate  its  efforts  in  forestry  in  Pembina  and  Cavalier 
Counties  where  the  largest  contiguous  blocks  of  native  forest  were 
found  and  where  the  maximum  results  could  be  expected.  In  1962  these 
two  counties  and  Walsh  and  Grand  Forks  Counties  were  considered  to 
have  the  greatest  rate  of  clearing  in  the  State  and  had  lost  27,897 
acres,  or  27  percent  of  their  1956  forest  land  base  acreage,  to  agri¬ 
culture.  This  loss  has  continued  at  the  approximate  rate  of  3  percent 
per  year  and  has  involved  about  76,000  acres,  90  percent  of  which  was 
in  the  Pembina  watershed.  Existing  wildlife  management  acreage  and 
projected  goal  acreage  through  year  2020  for  Cavalier  and  Pembina 
Counties  are  shown  in  table  11. 
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Table  11  -  Existing  State  wildlife  management 

_ area  acreage  and  goals _ 

Goal  acreage  (purchase 

Existing  lease,  donation) ^ 


County 

acreage 

1980 

2000 

2020 

Cavalier 

748 

6,400 

16,400 

16,400 

Pembina 

2,240 

6,400 

16,400 

16,400 

(1)  Goal  acreages  are  cumulative.  Existing  acreage  is  not  included 
in  goal  acreage. 

Source:  Souris-Red-Rainy  River  Basins  Comprehensive  Framework  Study, 
Field  Review  Draft,  Appendix  J,  Fish  and  Wildlife,  September 
1970. 


2.078  In  general,  removal  of  forest  cover  would  contribute  to  in¬ 
creased  streamf low.  Overgrazing,  which  reduces  vegetation,  would  also 
contribute  to  increased  runoff  because  water  is  not  held  and  rapidly 
accumulates  in  water  courses.  The  removal  of  forest  cover  or  the 
replacement  of  deeprooted  vegetation,  such  as  trees  or  shrubs,  with 
shallow-rooted  forms,  such  as  agricultural  crops,  increases  stream- 
flow  and  contributes  to  the  smaller,  more  frequent  flood  events,  ero¬ 
sion,  and  sedimentation  in  the  watershed.  Thus,  any  reduction  of  forest 
or  brush  cover  permits  more  precipitation  to  reach  the  ground  and  any 
reduction  in  the  number  of  plants  using  water  will  increase  streamf lows. 

WILDLIFE  RESOURCES 

2.079  The  proposed  project  site,  in  the  heavily  wooded  Upper  Pembina 
River  Valley,  is  one  of  the  few  remaining  wildlife  areas  of  semi-wild¬ 
erness  quality  in  North  Dakota.  It  is  unusually  rich  in  scenic  beauty  and 
is  high  in  wildlife  values.  The  hunting  afforded  by  wildlife  in  the 
proposed  reservoir  area  contributes  significantly  to  the  total  hunting 
opportunity  in  North  Dakota. 
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2.080  Historically,  the  project  area  supported  large  numbers  of  mule  deer 
and  bison.  Today,  moose  are  present,  and  elk  are  occasionally  reported 
in  the  area.  A  large  population  of  white— tailed  deer  inhabits  the 
rugged  wooded  slppes  and  moderately  cultivated  bottomLands  of  the 
Pembina  River  Valley.  Deer  use  the  flat  plateau  of  the  uplands  during  most 
of  the  year  and  depend  on  the  browse  and  cover  in  the  vallye  for  winter  exist¬ 
ence.  Winter  aerial  survey  counts  are  made  to  determine  the  deer  population 
in  the  area.  The  actual  number  of  deer  is  perhaps  about  five  times  the 
winter  aerial  survey  count.  The  winter  aerial  survey  count  was  244  in 
1963-64,  288  in  1965-66,  and  212  in  1966-67.  In  1969-70,  a  high  winter 
aerial  survey  population  of  1,068  deer  was  recorded.  The  survey  count 
for  1971  was  672.  From  1952  to  1971  the  average  survey  count  was  432 
deer.  Hunting  pressure  is  heavy,  with  more  than  50  percent  hunter  suc¬ 
cess  recorded  in  recent  years.  During  each  of  the  1963  and  1966  seasons 
nearly  500  dear  were  recorded  as  taken  in  the  Pembina  River  Valley.  Also, 
there  were  probably  a  number  of  unrecorded  kills.  Game  managers  in 
the  area  also  feel  that  the  illegal  kill  is  substantial  and  partially 
responsible  for  lower  than  expected  populations.  The  proposed  reservoir 
site  is  located  in  the  area  considered  to  be  the  main  winter  range  for 
deer  in  the  basin. 

2.081  The  Pembina  River  Valley  supports  populations  of  ruffed  grouse  that 
are  considered  very  good  by  North  Dakota  standards.  This  species  is  de- 
pendendent  on  woodland  vegetation;  intensive  agriculture  may  reduce  or  elimi¬ 
nate  this  population.  The  ruffed  grouse  is  the  main  species  of  upland  game 
at  the  proposed  reservoir  site.  The  area  is  important  to  ruffed  grouse 
since  the  reservoir  site  and  associated  land  are  part  of  the  two  remaining 
grouse  ranges  in  North  Dakota.  The  ruffed  grouse  is  by  far  the  most 
important  upland  game  species  in  the  area  and  is  considered  a  "choice" 
game  bird  by  North  Dakota  sportsman.  Other  upland  game  species  include 
Hungarian  partridge,  sharp-tailed  g/ouse,  snowshoe  hare,  squirrel,  and 
cottontail  rabbit.  Upland  game  hunting  pressure  is  moderate  to  high 
within  the  area  of  reservoir  influence.  Substantial  numbers  of  mourning 
doves  are  also  present  in  the  project  area. 

2.082  Other  upland  game  birds  found  in  the  basin  are  pheasants  and  wild 
turkeys.  Stocking  programs  for  pheasants  and  wild  turkeys  have  been 
carried  out  with  the  expectation  that  harvestable  populations  will  be 
available  at  a  future  date.  Sharp-tailed  grouse  supply  a  limited  hunting 
opportunity  and  are  found  in  some  grassland  areas  where  livestock  grazing 
is  limited. 

2.083  Furbearing  mammals  common  to  the  area  include  racoon,  beaver,  mink, 
muskrat,  skunk,  weasel,  red  fox,  and  coyotes.  Limited  observation  of 
"sign"  suggests  that  otter  may  be  present.  Wolves,  black  bear,  bobcat, 
and  Canada  lynx  are  occasionally  reported.  Mink  and  beaver  are  considered 
the  important  furbearers,  with  beaver  considered  numerous.  The  Upper 
Pembina  Valley  is  considered  one  of  the  best  beaver  habitats  in  the  State. 
Beaver  populations  in  the  Pembina  River  Valley  ranged  from  about  420 
animals  in  1962  to  about  630  animals  in  1968.  The  proposed  reservoir 
area  includes  about  40  percent  of  the  river  habitat  used  by  beaver. 
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2.084  SlacKwater  areas  along  the  Pembina  River  and  its  tributaries 
provide  brood  cover  for  a  few  mallards,  pintails,  and  blue-winged 
teal.  Of  greater  importance  is  the  value  of  the  area  to  wood  ducks. 

The  general  project  area  supports  one  of  the  few  significant  natural 
breeding  populations  of  wood  ducks  in  North  Dakota. 

2.085  Waterfowl  are  also  an  important  wildlife  resource  of  the  Upper 
Pembina  River  basin.  The  fringe  marsh  encircling  Swan,  lorne,  Louise, 
Rock,  and  Bone  Lakes  furnishes  good  nesting  cover  for  waterfowl  ami 
shore  birds.  Waterfowl  also  make  heavy  use  of  these  lakes  during  mi¬ 
gratory  flights.  Swan  Lake,  in  particular,  is  a  favorite  fall  resting 
area  for  mallards  and  Canada  geese,  while  Bone  Lake  is  a  popular  resting 
area  for  scaup.  To  improve  the  water  fowl  habitat  in  the  Pembina  Valley, 
Ducks  Unlimited  (Canada)  has  constructed  water  level  control  structures 
at  Bone  Lake  and  also  at  Grass  Lake,  a  marsh  area  about  2  miles  down¬ 
stream  of  Swan  Lake. 

2.086  Unlike  the  Upper  Pembina  area,  aquatic  habitats  west  of  the 
excarpment  in  the  Pembina  basin  in  North  Lakota  are  limited  to  streams, 
farm  ponds,  and  some  natural  wetlands.  Waterfowl  use  of  the  lower 
Pembina  River  basin  is  mainly  during  migration  periods  but  some  mallard, 
pintail,  and  blue-winged  teal  occasionally  nest  along  the  larger  ditches 
of  the  lower  floodplain.  Rush  Lake,  located  in  the  uplands  of  the 
basin  about  35  miles  west  of  the  Fembilier  damsite,  receives  heavy  use 
by  waterfowl  (blue-winged  teal,  mallard,  pintail,  and  wood  duck).  It 
is  one  of  the  largest  deep  freshwater  marshes  remaining  in  North  Dakota. 
The  area  has  been  considered  for  purchase  and  development  as  a  wildlife 
area. 

2.087  Endangered  Species  -  One  designated  endangered  species,  the 
eastern  timber  wolf,  is  occasionally  reported  in  the  project  area. 

The  American  peregrine  falcon  and  black-footed  ferret  could  also  be 
present  in  the  project  area,  perhaps  on  a  transient  basis.  The  lynx, 
a  regionally  rare  species,  may  also  be  present  in  the  project  area. 

2.088  Aquatic  Biota  -  The  Pembina  River  currently  supports  a  poor 
quality  fishery  due  to  low  flows  and  poor  water  quality,  and  particu¬ 
larly  high  sediment  loads.  The  situation  is  worsened  by  the  silt¬ 
laden  spring  flood  flows.  Rock  and  Pelican  Lakes,  in  the  Canadian 
portion  of  the  watershed,  which  could  possibly  supply  fish  to  down¬ 
stream  areas,  exhibit  only  marginal  game  fish  production  because  of  winter 
and  summer  fish  kills  of  varying  severity  that  result  from  shallow  waters 
and  high  B.O.D.  Other  lakes  on  the  Pembina  River  are  very  shallow  and 
are,  under  present  condition,  generally  incapable  of  supporting  a  year- 
round  fish  population. 

2.089  A  lack  of  adequate  permanent  summer  flows  in  the  Pembina  River 
limits  the  population  of  game  fish  which  contributes  to  a  very  limited 
fishing  pressure.  Collection  records  indicate  at  least  12  species  of 
harvestable  fish  have  occurred  in  the  river  (exhibit  8);  these  include 
northern  pike,  sauger,  walleye,  channel  catfish,  black  crappie,  black 
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and  brown  bullheads,  white  sucker,  bigmouth  buffalo,  imrtlitrn  red- 

horse,  carp,  and  plains  carpsucker.  There  are  also  16  species  of 

forage  fish.  Three  additional  minnow  species  are  reported  from  the 

Tongue  River.  Rainbow  and  brown  trout  have  been  stocked  in  Renwick  • 

Reservoir  and  below  the  dam,  however,  recurring  winterkill  conditions 

presently  prevents  the  success  of  such  a  program. 

2.090  Downstream  from  the  escarpment,  limited  fishing  tor  bullheads 

occurs  during  periods  of  low  flow,  primarily  in  pool  areas.  Two  low- 

head  dams  between  Walhalla  and  the  mouth  of  the  Tongue  River  prevent  upstream  • 

movement  of  fish  during  periods  of  normal  and  low  flow.  Improved 

fishing  conditions  occur  during  periods  of  high  water  due  to  spring 

runoff.  Low-head  dams  are  submerged  during  this  period  and  fish  move 

upstrer.n  from  the  Red  River  of  the  North  and  lower  reaches  of  the  Pembina 

River. 

2.091  The  lack  of  aquatic  vegetation  in  the  river,  noted  in  the  habi¬ 
tat  description  of  exhibit  8,  is  apparently  due  to  high  flows,  silt 
deposition,  and  scouring  during  the  spring  and  low  flows  at  other  times 
during  the  year. 

2.092  Information  on  aquatic  organisms  present  in  the  Pembina  River  is  • 

very  limited.  A  survey  of  mussel  species  collected  in  the  basin  is 
presented  in  exhibit  9.  No  known  information  exists  on  invertebrate 
species.  A  cursory  inspection  of  the  Little  North  Pembina  River  at  its 
confluence  with  the  Pembina  River  revealed  only  a  few  waterboatmen 
(family:  Corixidae)  and  waterstriders  (family:  Gerridae).  A  few 
waterboatmen  were  also  observed  near  the  Vang  Bridge  in  September  1975.  w 

No  other  aquatic  invertebrates  were  found.  Periphyton  was  nearly  absent 
from  the  rocks  which  were  instead  coated  with  silt. 


NATURAL  AREAS 


2.093  A  listing  of  "natural  areas"  in  Cavalier  and  Pembina  Counties 
was  obtained  from  the  Preliminary  List  of  Natural  Areas  in  North  Dakota 


by  Harold  A.  Kantrud  (The  Prairie  Naturalist.  1973.  5(3):  33-39)  (table  12). 

Both  areas  in  Cavalier  County  and  all  sites,  except  number  6,  in  Pembina 
County  are  within  the  Pembina  River  basin.  This  report  defined  natural 
areas  as  "tracts  containing  representative  biotic  communities  that  are 


relatively  undisturbed." 


Table  12  -  A  listing  of  natural  areas  in  Cavalier  and  Pembina 
Counties,  North  Dakota. 


Cavalier  County 


1)  Pembina  -  Little  North  Pembina  Gorge  Area.  3  mi.  N.  of 
Vang.  Scenic  grandeur  amid  bur  oak- American  elm-green 
ash-basswood  forest.  Orange-crowned  warbler,  eastern 
rufous-sided  towhee,  white-throated  sparrow,  lynx,  and 
moose.  9,600  acres. 
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Table  12  (Cont.) 
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2)  Tongue  River  Gorge.  1  mi.  SW  of  Concrete.  Wood  anemone, 
scarlet  tanager,  ovenbird,  and  northern  water  thrush. 

1,920  acres. 

Pembina  County 

1)  Tetrault  State  Forest.  3  mi.  S.  of  Walhalla.  Mixed  de¬ 
ciduous  forest.  420  acres. 

2)  Icelandic  State  Park  (Gunlogson  area).  1  mi.  S.W.  of 
Walhalla.  Mixed  deciduous  forest.  Yellow  ladyslipper. 
Bishop’s  mitre,  ferns.  10  acres. 

3)  Clifford  Game  Management  area.  2  mi.  S.,  1  mi.  E.  of 

Leyden.  Mixed  decidous  forest  and  native  shrubs. 

80  acres. 

4)  Black  Ash  Woods.  2  mi.  S.  of  Leyden.  Mixed  deciduous 
forest  in  low,  sandy  soil.  Black  ash  and  many  ferns. 
Mourning  warbler  and  northern  waterthrush.  1,280  acres. 

5)  Tongue  River  Game  Management  Area.  3  mi.  N.,  3  mi.  E.  of 
Hallson.  Scattered  tracts,  mostly  mixed  deciduous  forest. 
Showy  ladyslipper  and  other  orchids.  Moose.  3,033  acres 

6)  Joliette  Woods.  2  1/2  mi.  E.,  1/2  mi.  S.  of  Joliette. 
Largest  remaining  tract  of  bottomland  forest  on  Red  River 
of  the  North.  Scarlet  tanager.  200  acres. 

7)  Foxen  Grove.  4  mi.  SW  of  Neche.  Riverine  forest  with  7-ft. 
DBH  cottonwood.  10  acres. 

8)  St.  Joseph  Woods.  2  mi.  NE  of  Leroy.  Bottomland  Hardwood 
forest  along  Pembina  River.  Possibly  lynx  and  timber  wolf. 
1,000  acres. 

9)  McLartly  Grove.  7  mi.  SE  of  Neche.  Bottomland  hardwood 
forest  along  Pembina  River.  Contains  American  elm  up  to 
4  1/2  ft.  DBH  and  100  ft.  tall,  300  acres. 

10)  Akra  Grove.  3  mi.  NE  of  Aki'i.  Rich,  mixed  deciduous 

forest.  False  spikenard,  ruffed  grouse,  scarlet  tanager, 
and  indigo  bunting.  15  acres. 
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SOCIAL  AND  ECONOMIC  SETTING 

2.094  Population  -  In  general,  the  population  of  the  Pembina  River  basin 
and  immediately  adjoining  areas  in  both  countries  has  decreased  slightly 
in  the  past  30  to  40  years.  The  pattern  of  migration  throughout  the 
region  indicates  a  decrease  in  farm  population  and  an  increase  in  the 
population  of  many  of  the  urban  communities.  The  total  population  of 
the  basin  and  contiguous  areas  is  approximately  63,000,  with  about  38,000 
residing  in  Manitoba  and  about  25,000  residing  in  North  Dakota.  In  1970, 
10,728  persons  resided  in  Pembina  County  and  8,123  in  Cavalier  County. 
Approximately  60  percent  of  the  population  of  Pembina  County  resides  in 
the  basins  of  the  Pembina  and  Tongue  Rivers.  The  population  of  Pembina 
County  reached  a  peak  in  1940  at  15,671  (table  13).  Since  that  time,  the 
population  has  declined  because  of  reduced  demand  for  farm  labor  and  a 
shift  from  rural  to  urban  areas.  In  1970  the  county’s  entire  population 
was  classified  as  rural  by  the  U.S.  Census  Bureau,  pursuant  to  the  defini¬ 
tion  for  census  purposes  of  "urban"  as  a  place  with  at  least  2,500  inhabit¬ 
ants.  Except  for  the  relatively  few  population  centers,  population  dens¬ 
ities  of  less  than  10  persons  per  square  mile  occur  throughout  the  area. 

The  pattern  is  one  of  an  agricultural  area  with  scattered  "urban"  areas 
which  function  as  service  centers. 


2.095  In  Cavalier  County,  the  largest  city  is  Langdon,  the  county  seat,  with 
a  1970  population  of  about  2,182  persons.  The  population  of  Langdon  has 
increased  quite  steadily  at  the  rate  of  about  2  percent  per  year  for  the 
last  25  years  while  the  county  population  has  decreased  about  18  percent 
since  190J. 


2.J95  Tae  U.S.  Army  is  constructing  defense  installations  in  and  near 
Pembina  County.  Since  the  1970  census,  a  permanent  population  increase 
has  been  noted  due  mainly  to  the  recent  inclusion  to  the  defense  system 
development  in  the  area.  This  trend  is  currently  expected  to  continue, 
however,  there  is  a  possibility  of  this  development  being  abandoned  in 
the  near  future  (current  funding  is  only  through  July  1976).  If  this 
occurs,  the  projected  populations  would  probably  show  a  decrease. 

Because  of  this  uncertainty,  projected  populations  have  been  assumed  to 
maintain  existing  levels  in  the  future.  Population  projections  would  be 
reevaluated  during  post-authorization  studies. 


Table  13  -  Population  of  Pembina  County  and  five 
Place  1930  1940  1950 


principal  towns 
1960  1970 


Pembina  County 

14,  757 

15,671 

13,990 

12,946 

10,728 

Five  principal  towns 

Walhalla 

700 

1,138 

1,463 

1,432 

1,471 

Cavalier 

850 

1,105 

1,459 

1,432 

1,682 

Drayton 

502 

688 

875 

940 

1,095 

Pembina 

551 

703 

640 

625 

741 

Neche 

502 

565 

615 

545 

451 

Tot  a  1 

3,105 

4,199 

5,052 

4,965 

5,440 

Percent  of  county 

population 

21 

27 

36 

38 

48 

SOURCE:  U.S.  Census  Data. 
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2  097  None  of  the  five  towns  listed  in  table  13  is  sufficiently  large 
for  a  meaningful  projection  of  its  population  in  future  years.  However, 
the  combined  population  of  the  towns  has  been  increasing  at  a  modest  rate 
even  while  the  county's  total  population  has  declined. 

2.098  The  projections  of  Pembina  County's  future  population  (table  14) 
are  based  on  the  assumption  that  past  trends  will  continue  largely  un¬ 
changed  in  the  future  except  for  adjustments  caused  by  the  defense  in¬ 
stallations.  However,  it  is  possible  that  economic  development  will 
change  the  trends.  For  example,  one  or  two  new  industries  in  the  county 
could  create  more  new  jobs  and  lead  to  population  growth.  It  is  also 
possible  that  an  increase  in  the  number  of  large  corporate  type  farms 
could  result  in  lower  populations  for  the  counties. 


Table  14 

-  Projected 

population 

of  Pembina  County, 

1980-2030 

Area 

1980 

1990 

2000 

2010 

2020 

2030 

1 

Non-SMSA  por¬ 
tion  of  BEA 
area  092(1) 

205,400 

200,000 

192,400 

188,900 

185,400 

181,900 

Population  of 
Pembina  Co. 
without  de¬ 
fense  instal¬ 
lation 

10,000 

9,700 

9,300 

9,200 

9  000 

8,900 

9 

Population  of 
Pembina  Co. 

13.000 

12,700 

12.300 

12,200 

11,900 

11,700 

1 

with  defense 

installation^) 


(1)  1974  series  E.  Bureau  of  Economic  Analysis,  OBEPS  projections. 

(2)  "ecf  i.ved  14  'ay  1975,  1974  estimates  of  population  of  North  Dakota 
from  U.S.  Census  Bureau  in  cooperation  with  North  Pafota  listin'?  1^74 
population  for  Pembina  County  at  12,200. 


2.099  Employment  -  Employment  in  agriculture  in  Pembina  County  amounted 
to  2,888  farmers  and  farm  workers  in  1940,  2,413  in  1950,  and  1,627  in 
1960.  The  number  of  fanners  and  farm  workers  in  1960  was  only  224  more 
persons  than  the  number  of  farms,  indicating  that  a  majority  of  farms 
were  operated  without  any  input  of  hired  labor.  The  decline  in  farm  jobs 
will  probably  continue  due  to  the  decreasing  number  of  farms  and  increas¬ 
ing  substitution  of  machinery  for  farm  labor. 

2.100  Employment  in  trade,  manufacturing,  and  other  nonfarm  activities 
increased  from  1,855  workers  in  1940  to  2,271  in  1950  and  decreased  to 
2,158  in  1960.  In  spite  of  the  decline  from  1950  to  1960,  the  number 
of  nonagricultural  workers  in  1960  was  considerably  larger  than  in  1940. 
Between  1940  and  1960  the  growth  in  nonagricultural  employment  and  the 
coincident  decrease  in  farm  employment  combined  to  increase  nonagricultural 
workers  as  a  percentage  of  all  workers  from  40  to  57  percent.  Conversely, 
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9 


9 
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farm  employment  dropped  from  60  percent  of  all  workers  in  1940  to  43 
percent  in  1960. 

2.101  Trade  accounted  for  the  largest  number  of  nonagricultural  jobs  in 
1960,  followed  in  order  of  importance  by  services,  transportation,  govern¬ 
ment,  and  construction.  In  I960,  only  85  out  of  a  total  of  3,785  jobs  in 
Pembina  County  were  in  manufacturing.  The  value  added  to  raw  material  5 
inputs  by  manufacturing  amounted  to  only  $211,000  in  1963.  Along  with 
agriculture  and  mining,  manufacturing  is  considered  as  one  of  the  three 
basic  producing  sectors  of  the  national  economy.  The  minor  importance  ' 
and  incipient  stage  of  manufacturing,  together  with  the  absence  of  any 
mining  due  to  lack  of  mineral  resources,  emphasizes  the  importance  of 
agriculture  as  the  basic  producer  and  "export"  industry  of  Pembina  County. 

2.102  Agricultural  -  The  lower  reach  of  the  Pembina  River  reenters 
the  United  States  at  Cavalier  County  in  North  Dakota  and  continues 
to  flow  eastward  toward  the  Red  River  of  the  North  through  Pembina 
County.  Extensive  agricultural  flooding  occurs  in  the  Pembina  County 
portion  of  the  study  area.  Both  Pembina  and  Cavalier  Counties  are 
primarily  agricultural  and  exhibit  the  national  trend  toward  con¬ 
solidation  of  farms.  The  number  of  farms  has  decreased  by  33  and  27 
percent  in  Pembina  and  Cavalier  County  over  the  last  15  years  while 
over  the  same  time  period  the  average  farm  size  has  increased  for  the 
respective  counties  by  42  and  32  percent.  The  most  significant 
change  over  the  past  15  years  has  been  the  increase  in  the  percentage 
of  cropland  harvested  and  the  increasing  role  cash  cropping  plays 

in  the  income  of  farmers.  Currently,  cash  crops  account  for  95  and  96 
percent  of  all  farm  products  in  the  two  counties.  A  breakdown  of  this 
information  is  given  in  table  15.  As  the  Pembina  River  enters  Cavalier 
County,  it  flows  through  a  fairly  steep  valley.  This  valley  is  used 
primarily  for  livestock  purposes  or  is  designated  natural  woodland. 

When  the  river  leaves  the  escarpment  and  continues  into  Pembina  County 
and  substantially  different  terrain,  the  floodplain  in  Pembina  County 
is  for  the  most  part  all  cropland  of  high  quality.  Approximately 
72  percent  of  the  1950  floodplain  is  classified  by  the  North  Dakota 
Public  Service  Commission  as  prime  farmland. 

2.103  The  principal  crops  in  Pembina  County  in  terms  of  acres  cultivated 
are  wheat,  barley,  and  sugar  beets.  Oats,  flax,  and  potatoes  are  also  grown. 
Livestock  and  other  noncrop  production  are  of  secondary  importance.  Potatoes 
and  sugar  beets  are  the  most  profitable  crops  followed  by  wheat,  barley, 
hay,  oats  an<}  flax,  at  19  71  prices.  The  acreage  of  sugar  beets  has  doubled 

in  recent  years,  partially  due  to  a  new  processing  plant  located  in  the  county 
Lt  is  considered  probable  that  the  trend  toward  greater  emphasis  on  more 
profitable  crops  will  continue  in  the  future.  The  lower  Pembina  River  basin 
is  noted  for  its  high  percentage  of  excellent  or  good  soils  and  absence 
of  poor  soils.  A  strip  of  bottomland  one  half  to  more  than  1  mile  in  width 
along  the  lower  Pembina  River  is  classified  as  excellent  cropland A1* Farther 
away  from  the  river,  soils  between  Walhalla  and  Neche,  North  Dakota,  are 
mainly  excellent  soils  and  the  remainder  are  good.  Excellent  soils  also 
predominate  in  the  general  vicinity  of  the  town  of  Pembina,  North  Dakota. 
Between  Neche  and  Pembina,  several  soil  associations  exist  which  are  rated 
as  excellent,  good,  medium  to  good,  or  fair  for  crops. 

(1)  General  Soil  Map  of  Pembina  County  and  Soil  Survey  Report,  North 
Dakota  State  University,  1963. 
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Table  15  -  Characteristics  of  agriculture  in  Pcnbir.q  ar.d  Cavalier  Counties,  North  Dakota 
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Source:  U.S.  Census  of  Agriculture,  1959,  1964,  1969  and  1974 


2.104  Trade  and  Industry  -  Since  agriculture  flourishes  in  the  basin, 
industries  are  almost  entirely  those  engaged  in  processing  of  foods. 

Several  small  plants  are  located  within  the  North  Dakota  portion  of  the 
basin,  primarily  east  of  the  escarpment.  The  largest  manufacturing 
facility  in  the  United  States  portion  of  the  basin  is  a  motor  coach 
assembly  plant  at  Pembina.  Employment  other  than  that  related  to  agri¬ 
culture  is  chiefly  in  service  enterprises  such  as  retail  outlets,  repair 
shops,  grain  elevators,  and  creameries.  A  new  plant  for  processing  sugar 
beets  is  the  only  major  industry  established  in  the  basin  since  1960. 

1.105  Trends  -  If  conditions  do  not  change,  the  population  of  the  basin 
can  be  expected  to  continue  to  decrease  gradually,  although  the  villages 
and  cities  would  probably  show  a  small  net  increase.  This  population 
movement  from  the  area  may  be  attributable  in  part  to  mechanization  of 
farming  operations  whereby  larger  acreages  can  be  handled  by  fewer  men. 
Although  the  number  of  farms  may  decrease,  the  major  industry  will 
continue  to  be  agriculture.  The  total  value  of  farm  products  has 
increased  in  recent  years  due  to  greater  yields  resulting  from 
technological  advancements.  Little  future  gain  can  be  expected 

for  other  industries,  since  the  lack  of  dependable  water  supplies 
retards  both  industrial  and  urban  growth.  The  limited  water  supplies 
and  probably  market  conditions  have  caused  industries  normally 
associated  with  processing  agricultural  products  to  look  elsewhere 
for  plant  locations. 

2.106  Because  of  the  agricultural  base  of  the  regional  economy,  agri¬ 
cultural  trends  are  also  of  interest.  Historically,  efforts  at  plant 
breeding  have  strived  to  optimize  the  balance  among  level  of  production, 
resistance  to  disease,  and  ease  of  harvest.  While  the  period  of  time 
required  for  maturing  of  the  crop  has  also  been  of  interest,  it  apparently 
has  been  within  the  context  of  growing  season  length,  and  the  problem  of 
dealing  with  delayed  planting  due  to  floods  has  not  been  dealt  with  in 
breeding  programs.  The  solution  to  this  problem  has  historically  been 

to  plant  an  alternate  crop  or  resort  to  structural  modifications. 

FLOOD  DAMAGES 

2.107  Loss  of  Farm  Income  -  Pembina  River  floods  do  not  normally  cause 
direct  damage  to  growing  crops  because  the  floods  occur  prior  to  planting. 
However,  inundation  of  cropland  delays  planting  until  the  water  recedes 
and  the  sill  dries.  A  portion  of  the  season  normally  available  for  crop 
maturation  is  lost.  Delay  in  planting  is  highly  damaging  to  crop  yields 
(and  consequently  farm  income)  in  the  Pembina  River  basin  because  the 
growing  season  is  naturally  short.  In  addition,  early  floods  are  damag¬ 
ing  to  perennial  forage  crops  and  cause  losses  of  fertilizer  applied  prior 
to  planting.  At  best,  inundated  fields  lead  to  reduced  crop  yields.  At 
worst,  the  delay  in  planting  may  be  so  prolonged  that  not  enough  of 

the  growing  season  remains  for  any  crop  production  to  be  possible. 

The  damages  from  the  1950  flood  amounted  to  several  million  dollars, 
due  principally  to  loss  of  farm  income.  Similar  agricultural  damages 
o.i  'irred  from  the  recent  floods  of  1969,  1970  and  1974. 


2.108  Most  of  the  damages  caused  by  Pembina  River  floods  are 
sustained  by  farm  operators  on  the  floodplain  downstream  from 
Walhalla  to  the  confluence  of  the  Pembina  River  and  Red  River  of 
the  North.  This  damage  area  is  in  Pembina  County.  Under  natural 
conditions,  a  portion  of  the  Pembina  River  floodplain  in  the  Canadian 
Province  of  Manitoba  is  also  subject  to  inundation,  however,  a  road 
levee  has  been  constructed  just  north  of  the  International  Boundary 
and  parallel  with  it  which  reduces  some  of  the  inundation  due  to 
overflow.  High  flows  of  the  Pembina  River  can  also  inflict  damages 
along  the  Red  River  of  the  North  downstream  from  the  mouth  of  the 
Pembina  River.  A  small  portion  of  this  damage  area  is  in  Pembina 
County,  North  Dakota,  and  Kittson  County,  Minnesota,  but  most  of  it 
is  in  Manitoba,  Canada. 

2.109  Average  Annual  Acreage  Flooded  -  Existing  conditions  are  different 
from  those  which  previously  prevailed  mainly  with  respect  to  the  road-levee 
just  north  of  and  parallel  to  the  International  Boundary.  Under  existing 
conditions  17,500  acres  of  the  Pembina  River  floodplain  in  North  Dakota 
are  inundated  on  an  average  annual  basis.  This  figure  includes  3,740  acres 
of  farmland  which  sustain  soil  damages  and  13,760  acres  which  produce  sub¬ 
standard  yields  due  to  a  planting  delay.  An  additional  2,050  acres  in 
North  Dakota  and  Minnesota  are  subject  to  inundation  on  an  average  annual 
basis  by  floods  of  the  Red  River  of  the  North.  Depending  upon  the  degree 
of  coincidence  between  spring  snowmelt  flood  crests  on  the  Pembina  River 
and  the  Red  River  of  the  North,  the  Pembina  River  can  be  one  of  the  primary 
causes  of  high  water  condition  on  the  Red  River  of  the  North  below  its 
confluence  with  the  Pembina  River. 

2.110  Losses  Due  to  Soil  Damage  -  On  the  average,  3740  acres  of  farmland 
are  damaged  annually  by  Pembina  River  floods.  Losses  in  this  damage  cate¬ 
gory  are  second  in  order  of  magnitude  after  losses  due  to  inundation  of 
cropland.  Soil  damage  in  the  lower  Pembina  River  basin  includes  bank 
erosion,  sheet  erosion,  sediment  depositation,  supersaturation,  and  de¬ 
gradation  of  composition  and  texture. 

2.111  In  the  year  in  which  soil  damage  occurs,  no  crop  production  is 
possible.  In  the  year  following  the  flood,  land  damaged  by  supersatura¬ 
tion  will  probably  be  ready  for  regular  production,  and  much  of  the  crop¬ 
land  affected  by  sedimentation  will  be  restored  within  1  or  2  years.  Sheet 
erosion,  which  affects  more  cropland  than  any  of  the  other  types  of  soil 
damage,  requires  the  most  time  to  correct;  three  to  five  crop  seasons  may 
elapse  between  the  last  normal  yield  before  the  flood  and  the  next  normal 
yield  thereafter.  Some  of  these  problems  would  be  ameliorated  under  soil 
conservation  programs  which  emphasize  minimum  tillage  and  crop  residue 
management.  (Changes  in  agriculture  which  affect  susceptibility  to  floods 
can  be  forseen  within  the  period  of  economic  analysis.  For  example,  the 
St.  Paul  Pioneer  Press  of  25  January,  1976,  Focus  Section  page  7,  relates 

a  U.S.  Department  of  Agriculture  prediction  that  more  than  half  of  U.S. 
cropland  will  be  farmed  using  no  tillage  mulch  management  techniques  within 
the  next  30  years.  The  technique  is  expected  to  be  accepted  more  slowly 
in  the  study  area,  however.)  Average  annual  damages  due  to  soil  erosion 
were  estimated  to  be  about  $725,000  under  1975  conditions  for  the  Pembina 
River  reach. 
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2.112  Damage  to  Farm  Property  and  Other  Agricultural  Damages  -  This 
category  includes  all  losses  sustained  by  farm  operators,  except  crop  and 
soil  damages.  Types  of  farm  property  damaged  include  residences,  barns, 
and  other  structures;  tractors,  machinery,  and  equipment;  crops  being 
held  in  on-farm  storage;  wells;  fences;  private  roads  and  driveways;  and 
improvements  such  as  tiles  or  ditches  for  land  drainage.  Under  1975 
conditions,  average  annual  losses  were  estimated  to  be  $101,600  and  $15,900 
for  the  Pembina  River  and  Red  River  reaches,  respectively. 

2.113  Transportation  Damage  -  Flooding  causes  damages  to  State,  county 
and  township  roads  and  to  culverts  and  bridges.  Much  of  the  damage  is 
incurred  at  once,  in  connection  with  repairs  which  cannot  be  delayed; 
other  damage  may  be  deferred,  such  as  higher  maintenance  costs  or  shorter 
project  life.  Detour  costs  add  considerably  to  transportation  damage, 
especially  with  long-durqtion  flooding.  Data  pertaining  to  road,  bridge, 
and  culvert  damage  since  1950  were  obtained  from  State  and  local  govern¬ 
ment  officials.  Damage  data  were  also  obtained  from  railroads,  including 
the  cost  of  lost  business,  delays,  spoilage,  storage,  rerouting  of  trains, 
and  repairs  to  tracks,  bridges,  and  embankments.  Average  annual  trans¬ 
portation  damage  amounts  to  *103,800  in  the  Pembina  River  reach  and  $71,000 
in  the  Red  River  of  the  North  reach. 

2.114  Urban  Damage  -  Most  of  the  community  of  Neche  is  susceptible  to 
flood  damage,  although  emergency  measures  prevented  major  damage  during 
some  floods.  Residential  property  sustains  the  most  damage.  Public 
and  institutional  property  such  as  schools,  churches,  and  the  water 
treatment  plant  are  affected  by  floods.  As  Neche  is  primarily  a  resi¬ 
dential  community,  business  losses  account  for  a  small  portion  of  the 
total  urban  damages.  Neche  has  a  degree  of  protection  provided  by 
levees  which  were  built  as  emergency  works.  However,  residual  average 
annual  damages  at  Neche  currently  amount  to  $83,500.  Approximately 
two-thirds  of  the  urban  damages  caused  by  Pembina  River  floods  are 
incurred  by  residents  of  Neche.  St.  Vincent  and  Noyes  rank  second  and 
third  in  the  amounts  of  their  damages,  among  the  four  communities  where 
damages  may  occur,  with  combined  average  annual  damages  of  $32,800. 

Nearly  all  of  Walhalla  is  on  high  ground,  but  the  recreational 
facilities  at  a  municipal  park  and  a  sewage  treatment  facility  are  on 

the  floodplain  and  are  susceptible  to  flood  damage.  Average  annual  damages 
for  Walhalla  amount  to  only  $9,100.  The  town  of  Pembina,  at  the  conflu¬ 
ence  of  Pembina  River  and  the  Red  River  of  the  North,  was  previously 
susceptible  to  flood  damages,  but  permanent  levees  built  by  the 
St.  Paul  District  now  eliminate  the  possibility  of  damages  from  high 
flows  on  the  Pembina  River  and  give  a  very  high  degree  of  protection 
against  Red  River  of  the  North  floods.  Total  average  annual  urban 
flood  damages,  considering  future  floodplain  growth,  amount  to  $92,600 
along  the  Pembina  River  and  $32,800  on  the  Red  River  of  the  North 
between  the  mouth  of  the  Pembina  River  and  the  International  Boundary. 
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2.115  Canadian  Damages  -  Petrbina  River  floods  also  cause  considerable 
damages  in  Manitoba,  Canada.  One  of  the  Canadian  damage  areas  is  along 
the  north  perimeter  of  the  lower  Pembina  River  basin,  in  the  general 
vicinity  of  the  towns  of  Gretna  and  Altona,  Manitoba.  Although  the 
area  is  ostensibly  in  the  basin  of  the  Aux  Marais  River,  the  levelness 

of  the  land  causes  a  shift  in  the  drainage  pattern  under  flood  conditions. 
Once  Pembina  River  water  has  overtopped  its  banks  and  left  the  channel, 
some  of  the  water  may  flow  overland  via  the  Gretna-Altona  area  to  the 
Aux  Marais  River  basin.  This  area  sustained  heavy  damages  during  the 
1950  flood  and  other  large  floods,  but  it  now  has  a  degree  of  protection 
provided  by  an  earthen  embankment  just  north  of  and  parallel  to  the 
international  boundary. 

2.116  The  second  Canadian  damage  area  is  the  Red  River  of  the  North 
floodplain  from  Emerson,  adjacent  to  the  International  Boundary,  to 

St.  Norbert,  Manitoba,  which  is  the  site  of  a  control  structure  to  divert 
Red  River  of  the  North  floodwaters  into  a  floodway  around  the  Winnipeg 
metropolitan  area.  During  the  record  1950  flood,  316,500  acres  of 
farmland  and  several  small  towns  were  inundated  in  the  Emerson-St.  Nor¬ 
bert  reach.  The  extent  to  which  flood  damages  in  this  reach  are  caused 
by  water  entering  the  Red  River  of  the  North  from  the  Pembina  River 
depends  upon  the  coincidence  of  high  flows  on  the  two  rivers.  Agri¬ 
cultural  damages  predominate  in  the  Emerson-St.  Norbert  reach,  especi¬ 
ally  since  local  protection  works  were  built  around  some  of  the  towns 
ia  recent  years. 


TRANSPORTATION 

2.117  The  Pembina  River  basin  and  adjacent  areas  are  well  supplied 
with  rail  and  highway  transportation  facilities.  Several  railway 
branches  of  the  Burlington  Northern  railroad  serve  the  lower  basin, 
traversing  Pembina  County  in  a  north-south  direction  and  continuing 
into  Canada.  All  lines  link  the  county  with  Grand  Forks.  A 
network  of  primary  and  secondary  all-weather  highways  is  adequate  for 
commercial  trucks  in  the  area.  Interstate  Highway  29,  generally  parallel 
with  the  Red  River  of  the  North,  along  the  east  side  of  Pembina  County, 
is  the  main  connecting  link  between  Winnipeg,  Manitoba,  and  Grand  Forks, 
North  Dakota.  The  nearest  commercial  air  travel  terminal  is  at  Grand 
Forks,  approximately  80  miles  south  of  the  basin.  There  is  no  commercial 
navigation  on  the  Pembina  River  or  its  tributaries.  The  entire  area 
is  well  serviced  with  telecommunications. 
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HISTORIC  AND  PREHISTORIC  RESOURCES 

2.118  Prior  to  1803,  the  Pembina-Cavalier  County  area  iiad  been  ruled 
by  England,  France,  and  the  United  States.  Pembina  and  Walhalla, 
founded  in  1845,  are  North  Dakota's  most  historic  towns.  Fur  trapping 
was  excellent  and  the  area  was  a  natural  rendezvous  for  Dakota's  buffalo 
hunting  expeditions  which  occurred  west  of  the  Red  River  of  the  North. 

By  1856,  Walhalla  had  a  flour  mill,  power  dam,  fur  trading  post,  and  a 
printing  press.  Langdon,  North  Dakota,  became  the  county  seat  in  1887 
when  the  two  counties  were  established.  The  site  of  Langdon  was  estab¬ 
lished  in  1883  with  the  first  building  being  erected  in  1834.  Grain 
was  raised  in  the  Pembina  area  as  early  as  1820.  However,  the  fur 
trade  was  the  main  source  of  revenue  until  the  1850 's  when  wheat,  oats, 
barley,  and  field  peas  were  introduced  from  Fort  Selkirk,  Canada. 
Cavalier  County  did  not  become  important  agriculturally  until  the  late 
1880's.  The  county  was  settled  and  sod  was  broken  between  1684  and 
1894.  Wheat  was  the  principal  crop  at  the  time.  In  1909,  the  North 
Dakota  Agricultural  Experiment  Station  established  an  experimental 
substation  at  Langdon.  The  first  flour  mill  and  the  Mayo  Brick  and 
Tile  plant  were  located  along  the  Pembina  River  between  the  Little 
Pembina  River  confluence  and  County  Road  55  crossing  (Vang  Bridge). 

2.119  The  mixing  of  early  French  traders  and  the  Indians  created  an 
entirely  new  commonwealth  known  as  the  "mixed  bloods"  or  metis.  One 

of  the  more  prominent  of  these  people  was  Charles  Bottineau,  who  farmed 
in  the  Hyde  Park  area  and  was  known  as  the  first  real  farmer  in  North 
Dakota.  He  exported  the  first  wheat  from  the  United  States  to  Canada 
by  oxcart  and  owned  the  first  wagon  in  the  State. 
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2.120  In  1844,  Antoine  Gingras  erected  a  trading  post  and  store  north¬ 
east  of  Walhalla.  These  buildings,  although  still  standing  and  in  need 
I  of  restoration,  are  the  oldest  in  North  Dakota.  The  State  Historical 

Society  is  now  in  the  process  of  restoring  the  buildings  on  the  Gingras 
historic  site.  In  1843,  Norman  W.  Kittson,  an  American  Fur  Company 
agent  and  an  associate  of  James  J.  Hill,  built  a  trading  post  at  the 
confluence  of  the  Pembina  and  the  Red  River  of  the  North.  During  the 
1850' s,  Kittson  moved  his  establishment  to  Walhalla.  The  building 
stands  well  preserved  in  the  State  Park  at  Walhalla.  Kittson  and 
Gingras  worked  with  one  another  for  many  years  through  the  1840' s  and 
1850's.  When  Kittson  retired,  he  built  a  $100,000  home  in  St.  Paul 
from  his  earning  of  his  fur  business.  Charles  Cavalier,  who  was  the 
first  permanent  settler  in  the  Dakota  Territory,  took  charge  of  the 
trading  post  in  Walhalla  in  1854  and  was  appointed  postmaster  by  Presi¬ 
dent  Abraham  Lincoln. 
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2.121  The  project  area  was  dominated  by  the  Oj  ibwa  Indians  in  the  late- 
historic  period.  Dakota  and  Assiniboine  Indians  were  also  present  at  one- 
tine.  An  archaeologic.il  reconnaissance  of  the  proposed  project  area  has 
been  conducted  (Ames,  14751.  The  survey  recorded  19  litiiic  sites.  A 
thorough  archaeological  investigation  of  the  area  will  be  undertaken 
before  work  begins  on  the  project  and  salvage  operations  will  be  conducted 
if  necessary. 

2.122  The  Nation  Register  of  Historic  Places,  1  April  197b,  has  been 
consulted  and  there  is  one  historic  site  recorded  which  is  in  the  general 
project  area.  This  property  is  the  Gingras  House  and  Trading  Post  located 
near  Walhalla,  North  Dakota. 


RECREATION  AT  PEMBILIER  LAKE 

2.123  The  counties  of  Pembina  and  Cavalier  have  established  68  scenic 

and  historic  sites  along  a  designated  route  within  the  Pembina  River  Basin. 
These  include  the  Walhalla  Rifle  Club,  the  Walhalla  Country  Club  Golf 
Course,  the  Walhalla  State  Historical  Park,  and  Riverside  Park  (swimming, 
picnicking,  and  camping).  The  two  counties,  however,  lack  well  developed 
recreational  facilities.  Most  people  must  drive  50  to  100  miles  to  enjoy 
fishing,  boating,  skiing,  and  other  recreational  facilities  in  spite  of 
the  fact  that  Cavalier  County  has  some  of  the  State's  prime  undeveloped 
areas.  The  beautiful  and  scenic  Pembina  River  Valley  upstream  from 
Walhalla  offers  regionally  outstanding  recreational  development  opportu¬ 
nities.  Development  of  skiing  slopes,  toboggan  runs,  riding  trails,  camp¬ 
ing  facilities,  picnic  areas,  and  hunting  lodges  are  a  few  possibilities. 
Also,  die  South  Pembina  River,  the  Tongue  River,  and  the  North  and  South 
Branches  of  the  Park  River  offer  possibilities  for  development.  Rush  Lake 
and  its  surrounding  5,000  acres  of  marshes,  potholes,  and  sloughs  offer 
some  of  the  best  waterfowl  hunting  in  the  northeastern  area  of  the  State. 

2.124  The  Johnson  and  Goschke  Dams  on  the  Tongue  River  both  provide 
boating  and  water-skiing  opportunities;  the  former  also  has  provisions 
for  picnicking  and  swimming,  and  the  latter  provides  duck  hunting. 

Mount  Carmel  Dam  on  the  Little  South  Pembina  River  provides  recreation 
in  the  form  of  fishing,  swimming,  boating,  water-skiing,  picnicking, 
camping,  nature  trails,  ice  skating,  and  tobogganing.  Icelandic  State 
Park  is  located  on  the  Tongue  River,  7  miles  west  of  Cavalier,  North  Dakota. 
The  park,  adjacent  to  Renwick  Reservoir,  has  camping  pads  witli  electricity 
and  a  central  bathhouse  with  showers  and  provisions  for  water-skiing, 
swimming,  and  fishing.  Also  in  the  park  is  the  Gunlogson  Arboretum  while 
the  Cavalier  Country  Club  abutts  the  west  end  of  the  lake.  The  city  of 
Cavalier  has  a  city  park  for  swimming,  picnicking,  and  skating.  Cavalier's 
centennial  celebration  was  held  in  19/5.  Numerous  fairs  are  held  in 

the  area  each  year,  primarily  during  the  summer  months.  Other  recreation 
developments  are,  Homme  Reservoir  about  35  miles  south  of  the  proposed 
Pembilier  site,  Lake  Bronson  State  Park  and  Old  Mill  State  Park  in  Minne¬ 
sota,  65  miles  and  80  miles  distant,  respectively;  Turtle  River  State  Park, 
75  miles  to  the  south;  the  proposed  Devils  Lake  recreation  80  miles  to  the 
west.  Killarnev,  Pelican  and  Rock  Lakes  and  Morden  Reservoir  in  Canada  also 
offer  recreation  activities. 
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2.125  Lake  Bronson  State  Park  has  54  modern  and  54  primitive  campsites, 
a  picnic  ground,  swimming,  fishing,  boat  rentals,  a  6-mile  hiking  and 
snowmobile  trail,  and  a  sewage  pump  station.  Old  Mill  State  Park  has 

60  tent/trailer  campsites,  a  picnic  ground,  swimming,  fishing,  a  5-mile 
hiking  trail,  and  a  6-mile  snowmobile  trail.  Icelandic  State  Park 
has  50  tent/trailer  campsites,  a  picnic  ground,  swimming,  fishing, 
boating,  playgrounds,  and  a  sewage  disposal  station.  Lake  Metigoshe 
State  Park  has  148  tent/trailer  campsites,  swimming,  fishing,  boating, 
playgrounds,  picnic  grounds,  and  a  sewage  disposal  station.  Turtle 
River  State  Park  has  100  tent/ trailer  campsites,  swimming,  fishing, 
playgrounds,  picnic  grounds,  and  a  sewage  dump  station.  In  addition 
to  the  publicly  owned  recreation  facilities,  numerous  privately  owned 
and  operated  recreation  areas  are  located  in  the  vicinity  of  the 
proposed  project. 

2.126  Recreation  Demands  of  Market  Area  Residents  -  The  North  Dakota 
State  Outdoor  Recreation  Agency  has  prepared  a  State  outdoor  recrea¬ 
tion  plan  and  a  booklet  entitled  "North  Dakota  Outdoor  Recreation  Trends. 
The  majority  of  the  project  market  area  lies  within  regions  3  and  4  as 
defined  in  these  publications.  1  Based  on  the  supply  and  demand  pro¬ 
jections  for  1985,  as  shown  in  the  1975  State  Comprehensive  Outdoor  Rec¬ 
reation  Plan,  there  is  a  need  for  camping,  picnicking,  snowmobiling, 
boating,  fishing,  swimming,  skiing,  nature  interpretive,  and  sightseeing 
facilities  in  these  regions. 

2.127  Recreation  Market  Area-Recreation  Zone  of  Influence  -  The 
recreational  development  a  1  scenic  beauty  associated  with  the  proposed 
Pembilier  Lake  will  attract  visitors  from  throughout  the  region.  In 
North  Dakota,  visitation  for  day  use  activity  is  orimarily  anticipated 
from  Cavalier,  Walsh,  Pembina,  and  Ramsey  Counties.  Approximately  15 
percent  of  total  visitation  is  anticipated  from  Southern  Manitoba,  Canada 
and  a  small  amount  of  use  will  be  attributable  to  Kittson  County, 
Minnesota. 

2.128  It  is  estimated  that  80  percent  of  day  uses  and  50  percent  of  the 
overnight  use  will  originate  from  within  this  zone  of  influence. 

2.129  Population  statistics  and  projections  for  the  recreational  zone 
of  influence  are  shown  in  table  16.  In  addition  to  the  people  actually 
within  the  zone  of  influence,  2,00?  persons  are  expected  to  reside  in 
the  zone  of  influence  through  1980  due  to  missile  base  construction. 


1  Planning  Region  3  is  comprised  of  Rolette,  Towner,  Cavalier, 
Benson,  Ramsey,  and  Eddy  Counties.  Region  4  is  comprised  ol  Pembina, 
Walsh,  Nelson,  and  Grand  Forks  Counties. 
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Table  16  -  Historic  and  projected  population,  recreational  zone  of 

_ influence,  1950-1937. _ 

_  _ Year _  Pooulation 


X 


Historic 


1950 

1960 

1970 


Projected 

1987 


44,689 

41,007 

35,192 


47,700 


1 
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Capability  of  Project  to  Meet  Future  Needs  -  Based  on  the 
;ly  established  needs  and  trends,  the  recreation  facilities 
I  for  construction  in  connection  with  Pembilier  Lake  would  not 
.ate  to  satisfy  the  future  recreation  needs  of  those  persons 
. ithin  the  zone  of  influence.  However,  the  recreational  devel- 
to  be  provided  at  Pemhilier  Lake  would  aid  in  jneetin"  these  "eo ’s 

•r tain  limitations,  inherent  at  the  Pembilier  site,  have  a 
effect  on  the  development  of  recreational  facilities.  Of 
portance  is  the  steep  slope  of  the  valley  walls.  The  segment 
!  embina  River  in  which  the  proposed  project  would  be  located  is 
epest  portion  of  the  entire  Pembina  River  Valley.  Slopes  gener- 
mge  from  20  to  70  percent  and  are  heavily  wooded.  Soil  charac- 
iis  in  the  valley  are  fragile  and  large  amounts  of  soil  are  eroded 
s Lopes  and  into  the  river.  With  any  type  of  construction 
■  or  uncontrolled  public  activity,  severe  erosional  difficulties 
/Ly  to  result  unless  proper  precautions  are  taken.  The  costs, 

..etary  and  environmental,  are  likely  to  be  so  great  that  no 
i'dations  have  been  made  for  developing  any  facilities  on  the 
Lopes.  Development  in  the  proposed  plan  has  been  limited  to 
, eas  which  are  relatively  flat  and  wooded.  Flat  areas  within 
!  ;  t>y  are  scarce  and  would  be  utilized  whenever  practical.  Access 
areas  is  also  difficult  due  to  the  steep  valley  slopes.  Flat 
ove  the  rim  of  the  valley  are  plentiful  but  are  not  as  desirable 
of  their  distance,  both  vertically  and  horizontally,  from  the 
,:d  their  lack  of  tree  cover.  The  majority  of  the  flat  areas 
•he  valley  rim  are  currently  in  agricultural  production  and, 
m  ntly,  their  conversion  to  forested  public  use  areas  would  take 
s-  .irs . 

ased  on  preliminary  analysis,  sufficient  suitable  land  exists 
vicinity  of  tlie  proposed  lake  to  develop  quality  recreational 
ties  without  excessive  damage  to  existing  area  resources.  Such 
use  development  is  needed  to  meet  the  projected  recreational 
or  the  market  area  and  to  properly  provide  a  balanced  use  of 
,,  urce  which  would  be  created  by  the  proposed  project. 

Importance  of  Project  In  Meeting  Identified  Needs  Not  Likely  to 
hrough  Other  Programs  -  The  importance  of  developing  public-use 
Lies  in  conjunction  with  Pembilier  Lake  should  not  be  underestimated. 
v..i  both  the  North  Dakota  Forest  Service  and  the  North  Dakota  Game  and 
u.iartment  have  been  acquiring  lands  in  the  Valleys  of  the  Pembina 
iid  its  tributaries,  a  level  of  development  normally  associated  with 
nf  Engineers  projects  is  not  likely  to  occur  due  to  budget  and  policy 
i  Lions  placed  on  these  two  agencies. 
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2.134  Full  Development  of  Recreation  Areas  -  Table  17  summarises 
recreational  facility  development  needs  to  meet  anticipated  recreational 
visitation  with  the  proposed  project.  In  addition,  basic  supportive 
facilities,  including  vault  toilets,  water  supply,  fireplaces,  trash 
receptacles,  control  station,  overlooks,  launching  ramp  and  dock,  parking 
areas,  access  roads,  and  landscaping,  would  be  developed. 


Table  17  -  Recreational  Development  Needs 


Item 

Amount 

Camping 

168 

camp  pads 

Picnicking 

50 

1 

picnic  sites 
shelter 

Sanitary  facilities 

4 

vault  comfort  stations 

Boat  launching 

1 

ramp 

Wash  buildings 

4 

in  camp  area 

2.135  Recreation  facilities  would  be  located  on  suitable  lands  to 
be  specifically  determined  after  intensive  field  and  office  review  at 
a  later  planning  stage. 


2.136  Minimal  Development  -  Should  non-Federal  participation  not  be 
obtained  under  the  provisions  of  Public  Law  S9-72,  the  minimum  facilities 
that  could  be  provided  for  public  health  and  safety  would  be  located  at 
existing  road  ends  at  five  points  around  the  lake.  Generally,  minimum 
facilities  would  consist  of  a  parking  area  and  turn  around,  vault-type 
toilets,  and  trash  containers.  These  facilities  would  be  consistent 
with  existing  regulations  concerning  minimum  development.  The  quality 
of  the  facilities  to  be  provided  would  be  above  average  in  order  to 
keep  maintenance  and  replacement  to  a  minimum.  No  additional  lands 
beyond  those  required  in  connection  with  the  project  would  be  needed 
for  the  minimum  facilities.  However,  the  separable  lands  recommended 
for  acquisition  to  support  the  normal  recreation  development  would  be 
acquired  in  accordance  with  the  provisions  of  the  Federal  Water  Project 
Recreation  Act  (Public  Law  89-72)  for  development  at  a  later  date. 
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2.1  i /  Forest  Resource  Program  -  It  is  anticipated  that  a  reforestation 
program  would  be  implemented  on  recreation  lands,  especially  on  lands 
currently  in  agricultural  production.  The  lands  to  be  acquired  outside 
of  the  normal  fee-taking  lines  are  almost  all  cleared.  Openings  would 
be  left  to  provide  "edge"  which  is  critical  to  wildlife.  Native  tree 
species  would  be  planted  along  with  certain  exotics  which  would  provide 
desirable  characteristics  such  as  rapid  growth  and  wildlife  cover. 
Recreation  areas  would  be  landscaped  with  nursery  stock  of  large  size 
in  order  to  provide  quicker  rehabilitation  of  construction  areas.  Any 
plantings  outside  of  recreation  areas  would  be  primarily  seedling  and 
transplant  stock  and  would  be  based  on  an  extended  program  so  as  to 
provide  a  diversity  in  tree  age  and  size. 

2.138  Coordination  with  Other  Agencies  -  The  recreational  plan  of 
development  has  been  coordinated  with  the  North  Dakota  State  Park 
Service,  the  North  Dakota  Game  and  Fish  Department,  and  local  recrea¬ 
tion  interests.  Past  proposals  have  been  coordinated  with  the  Pembina 
Basin  Planning  Committee  of  the  North  Dakota  Division  of  Parks. 

2.139  Special  Problems  and  Recommended  Solutions  -  During  construction, 
special  provisions  would  be  made  to  protect  the  existing  environment. 

The  contractor  would  be  required  to  repair  any  turf  damages  caused  by 
his  activities.  Provisions  would  also  be  made  during  construction  to 
establish  or  construct  facilities  such  as  overlooks  and  access  points 
for  the  enjoyment  of  the  visiting  public.  Depending  upon  the  time  of 
establishing  the  permanent  pool,  only  construction  of  overlooks  may  be 
necessary. 

2.140  In  accordance  with  existing  regulations  and  criteria,  special 
consideration  would  be  given  to  the  type  of  facilities  necessary  to 
accommodate  the  handicapped  and  the  elderly. 

2.141  The  State  of  North  Dakota  has  furnished  a  letter  of  intent  to 
participate  in  the  recreational  development.  It  can  be  assumed  that 
their  operation  and  management  policies,  organization,  and  staffing 
would  be  comparable  to  that  found  in  the  various  State  parks  under 

the  administration  of  either  or  both  of  their  Division  of  Parks  or  Fish 
and  Game.  In  either  case,  ranger  activities  and  law  enforcement  would 
be  provided.  Because  of  the  limiting  size  of  the  project  water  area, 
the  Fish  and  Wildlife  Service  and  the  Corps  of  Engineers  would,  in  the 
preparation  of  the  required  general  plan,  assign  the  responsibilities 
for  fish  management  to  the  State. 
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2.142  Environmental  Quality  -  The  proposed  lake  on  the  Pembina  River 
southwest  of  Walnalla  presents  an  unusual  opportunity  to  preserve  and 
interpret  a  historic  area  rich  in  the  lore  of  early  fur  trappers  and 
settlers.  Every  effort  would  be  made  in  planning  the  public-use 
facilities  to  insure  that  the  development  would  complement  the  natural 
beauty  of  the  area.  This  goal  can  be  accomplished  by  a  unified  planning 
effort  incorporating  natural  or  native  construction  materials  along  with 
earth  tones  and  rustic  looking  structures  to  blend  in  with  the  theme  of 
the  area.  Areas  marred  by  construction  would  be  reshaped  into  natural 
appearing  land  forms  and  revegetated.  Surfaced  walkways  would  be  provide 
where  traffic  '..'a r rants ;  other  types  of  walkways  would  be  utilized  w'.iere 
traffic  is  less  heavy.  In  addition  to  metal  and  chrome  play  structures, 
timber-type  play  equipment  would  be  considered.  Landscape  plantings 
would  stress  indigenous  species  in  order  to  blend  man's  development 

into  the  natural  setting.  The  architectural  theme  or  style  of  the 
various  buildings  would  be  of  a  rustic  variety  and  extensive  use  would 
be  made  of  natural  local  materials. 

2.143  Necessary  precautions  would  be  required  and  enforced  during 
construction  so  that  pollution  and  degradation  of  the  environment  would 
be  minimized.  Such  measures  would  include  the  use  of  stilling  basins 
to  avoid  unnecessary  scarring  of  the  landscape.  Sorrow  areas  and 
agricultural  lands  acquired  for  the  project  would  be  evaluated  for 
planting  in  either  timber  or  wildlife  food  species.  Reforestation 

is  especially  imp.rtant  above  the  valley  rim  where  most  of  the  ground 
has  been  cleared  for  agricultural  purposes. 


I  tup:  relationship  of  the  proposed  action  to  land  use  plans 


,  ,1  Agriculture  is  the  dominant  land  use  in  Pembina  and  Cavalier 

unties.  Approximately  93  percent  of  all  land  in  Pembina  County 
is  in  farms, (1)  and  178,000  acres  of  farmland  lie  within  the  inter- 
meui.ite  regional  floodplain.  The  predominant  use  of  this  land  is  for 
tiuns  (table  18  ).  Eighty-two  percent  of  the  land  is  used  directly 
tor  crop  production  and  an  additional  10  percent  is  summer  fallow  or 
cropland  temporarily  vacant.  Only  lands  where  sustained  economic 
returns  are  questionable  because  of  various  factors  such  as  topographic, 
drainage,  and  frequent  flooding  problems,  retain  some  assemblance  of 
natural  vegetation.  The  areas  which  currently  are  of  low  agricultural 
value  are  the  valley  walls  along  the  Pembina  River  and  its  tributaries, 
wetlands,  and  areas  within  the  river  corridor  downstream  from  Walhalla. 


Ta b  1  e  L 8 _.  _  Agricultural  land  use  in  intermediate _r egional  floodplain 


Item 

Crop 

Summer 

fallow 

Other (1) 

Total 

Acres 

146,000 

17,800 

14,200 

178,000 

Percentage  of 

land  use 

82 

10 

8 

100 

(1)  Includes  nonproductive  land;  i.e.,  farmsteads,  riverbeds,  roads, 
urban  areas,  etc. 


3.002  In  the  United  States  portion  of  the  Pembina  River  basin  above 
Walhalla,  major  land  use  categories  include  cropland,  pasture,  forest, 
and  other.  Cropland  accounts  for  84  percent  of  the  land  utilization 
while  pasture,  forest,  and  other  constitute  the  remaining  16  percent. 

3.003  The  amount  of  wooded  area  within  Pembina  and  Cavalier  Counties 
i.-,  small  in  comparison  to  the  amount  of  agricultural  land.  The  fact  that 
North  Dakota  has  the  smallest  percentage  of  wooded  lands  of  any  of  the 
oO  States,  with  about  400,000  acres  of  natural  timber,  emphasizes  the 
importance  of  these  areas.  In  recognition  of  these  facts,  the  Deputy 
State  Forester  for  North  Dakota  in  1962  recommended  that  State  forestry 
efforts  be  concentrated  in  Pembina  and  Cavalier  Counties.  Clearing 
of  wooded  lands  has  been  occurring  in  these  counties  at  a  rather  alarm¬ 
ing  rate  (about  2-3  percent  per  year)  over  perhaps  the  last  20  years. 
However,  an  estimate  of  the  degree  to  which  the  remaining  wooded  areas 
in  the  Pembina  Valley  would  be  subjected  to  significant  amounts  of  addi¬ 
tional  clearing  would  be  subjective.  Most  areas,  in  this  rugged  valley, 
suitable  for  agricultural  crops,  i.e.  relatively  flat  terrain  with 
adequate  access,  have  already  been  cleared.  The  existing  trees  in 
the  valley  have  low  value  as  lumber  and  development  of  the  timber  re¬ 
sources  would  probably  be  better  suited  for  products  such  as  particle 
boards,  although  no  utilization  along  these  lines  are  presently  foreseen. 

(1)  U.S.  Bureau  of  the  Census,  1969  Census  of  Agriculture,  Pembina 
County  Data;  U.S.  Bureau  of  the  Census,  Census  of  Population,  1970. 


3.004  The  flood  prone  portion  of  Walhalla  consists  of  33  acres  of 
parkland  and  other  public  property.  Land  use  in  the  203-acre  village 
of  Neche  is  primarily  residential.  Approximately  27  percent  of  the 
land  in  Neche  is  undeveloped  or  in  public  use.  Commercial  use  is 
primarily  confined  to  a  narrow  strip  of  land  adjacent  to  the  Burlington 
Northern  right-of-way. 

3.005  In  compliance  with  the  Flood  Disaster  Protection  Act  of  l‘J73, 
the  village  of  Neche  passed  a  floodolain  zoning  ordinance.  Growth  is 
restricted  in  the  100-year  floodplain  to  those  buildings  that  can  be 
flood  proofed  to  the  100-year  flood  elevation.  The  entire  village  of 
Neche  lies  within  the  100-year  floodplain.  Ground  elevation  at  Neche 
ranges  from  approximately  827  feet  to  831  feet  above  mean  sea  level 
elevation,  and  the  water  surface  for  the  100-year  flood  at  Neche  is 
834.2  feet.  Dirt  fill  or  flood  proofing  to  a  height  of  3.2  to  7.2 
feet  above  the  existing  ground  level  would  be  required  for  development. 
The  additional  expense  incurred  would  make  floodplain  land  within  Neche 
unprofitable  for  development  as  residential  land.  The  floodplain  lands 
offer  no  advantage  over  lands  located  outside  the  floodplain,  and  the 
additional  cost  to  comply  with  the  zoning  laws  makes  it  unlikely  that 
commercial  and  industrial  development  would  locate  there.  Land  use  in 
Neche  is  not  expected  to  change  significantly. 

3.006  Walhalla's  flood  prone  lands  are  set  aside  for  public  use  and 
land  for  development  is  plentiful  out  of  the  floodplain.  Thus,  no 
change  in  land  use  is  foreseen. 

3.007  The  proposed  reservoir  would  significantly  reduce  downstream 
flood  damages,  especially  from  the  more  frequent  flood  events.  Al¬ 
though  the  downstream  areas  currently  are  subjected  to  intensive  agri¬ 
cultural  use,  it  would  seem  probable  that  the  agricultural  land  base 
in  this  area  could  be  increased , although  a  relatively  small  amount, 
following  construction  of  ttie  reservoir.  To  the  extent  that  the  reduced 
probability  of  flooding  of  woodlands  along  the  river  and  wetlands  results 
in  these  lands  becoming  economically  suitable  for  agricultural  practices, 
clearing  and  drainage  of  these  lands  could  be  expected.  The  reduced 
flood  hazard  could  also  result  in  crop  changes,  i.e.  to  crops  with 
higher  economic  yields  such  as  potatoes  and  sugar  beets.  Changes  of 
the  above  nature,  while  -increasing  economic  returns  to  downstream  re¬ 
sidents,  would  reduce  existing  wildlife  production  through  the  reduc¬ 
tion  of  existing  habitat. 

3.008  In  more  recent  years,  drainage  of  wetlands  in  the  Pembina  River 
basin  has  become  a  concern  to  downstream  landowners,  environmental 
interests,  and  the  State  of  North  Dakota.  The  concerns  relate 

to  the  loss  of  valuable  wildlife  habitat  and  to  possible  increases  in 
downstream  flood  problems.  A  moratorium  on  drainage  by  government  bodies 
currently  exists  for  the  upper  Pembina  River  Basin  in  North  Dakota.  How¬ 
ever,  because  the  moratorium  does  not  apply  to  private  drainage,  wetlands 
in  the  upper  part  of  the  basin  are  continuing  to  be  drained.  It  is  not 
expected  that  this  trend  in  wetland  drainage  in  the  upper  basin  will 
continue  at  its  present  rate  for  the  following  reasons: 


ft 
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a.  The  majority  of  small  shallow  wetland  areas  in  the  upper 
basin  have  already  been  drained  and  converted  to  agricultural  uses. 

b.  Pressure  by  various  interest  groups  will  probably  cause 
existing  water  management  board,  who  are  responsible  for  providing 
permission  for  all  drainage  projects,  including  private  drainage, 

to  exercise  their  responsibility  more  conscientiously  on  the  remaining 
wetland  areas. 

c.  A  cooperative  approach  to  drainage  problems  similar  to  that 
being  applied  to  the  adjacent  Devils  Lake  basin^^has  been  suggested 
by  several  interests. 

d.  For  the  most  part,  drainage  of  U.S.  lands  in  the  upper  Pembina 
River  basin  crosses  the  International  Border  into  Canada.  The  general 
rule  governing  these  drains  and  creeks  is  that  they  may  be  maintained 
but  not  enlarged. 

e.  The  above  points  indicate  the  increasing  importance  of  land 
use  planning  which  should  have  a  significant  influence  on  future 
changes  in  existing  land  use. 

3.009  Immediate  land  use  effects  would  occur  upstream  from  the  pro¬ 
posed  dam  where  about  365  acres  of  woodland  and  355  acres  of  croplands 
would  be  committed  to  a  conservation  pool.  The  productive  capabilities 
of  these  lands,  both  for  agriculture  and  wildlife,  would  be  permanently 
lost.  Land  within  the  project  take-line  (5,800  acres)  would  be  removed 
from  future  uses  other  than  those  compatible  with  the  wildlife  manage¬ 
ment  objectives  proposed  for  the  area.  Of  this  area,  about  3,200 
acres  (including  200  acres  in  the  conservation  pool)  would  be  within 
the  flood  pool  and  would  suffer  some  degree  of  degradation,  the  degree 
dependent  upon  the  timing,  extent,  and  duration  of  floodwater  storage. 

An  additional  12,800  acres  of  land  within  the  river  valley,  north  of 
the  Vang  Bridge,  are  proposed  for  wildlife  mitigation.  Inclusion  of 
these  lands  in  the  project  authorization  would  insure  that  a  large  portion 
of  this  unique  river  valley  was  protected  from  future  adverse  land  use 
changes  for  the  general  public  welfare  and  specifically  for  the  people 
of  North  Dakota. 

3.010  A  bill  introduced  in  1971  for  consideration  by  the  42d  North 
Dakota  Legistative  Assembly  by  the  State  Outdoor  Recreation  Agency 
would  have  resulted  in  a  study  of  the  State's  wild,  scenic,  or  recrea¬ 
tional  river  classification  potential.  The  bill  was,  however,  defeated 
early  In  the  legislative  process.  Although  specific  rivers  were  not 
identified  in  the  bill,  four  rivers  were  discussed  in  preliminary 

(1)  A  Devils  Lake  basin  advisory  committee  was  established  by  House 
Bill  No.  1587  of  the  Forty-fourth  Legislative  Assembly,  State  of  North 
Dakota  to  develop  a  basin  plan  of  water  and  related  resource  conserva¬ 
tion  and  orderly  development. 


studies  as  having  some  potential  for  inclusion.  :'ne  of  these  was 
the  Pembina  River  from  the  downstream  face  of  the  proposed  dam  to 
the  mouth  of  the  river. The  North  Dakota  classification  criteria 
would  have  closely  paralleled  the  wild,  scenic  and  recreation 
river  classifications  contained  in  Public  Law  yO-542,  the  National 
Wild  and  Scenic  Rivers  Act. 

3.011  In  general,  the  proposed  project  would  enhance  agricultural 
land  use,  through  reduced  flood  frequency  and  intensity,  wnile  re¬ 
ducing  wildlife  habitat  in  the  area,  either  directlv  or  secondarily. 


(1)  North  Dakota  State  Comprehensive  Outdoor  Recreation  Plan  (Draft 
Proposal).  North  Dakota  State  Outdoor  Recreation  Agency  (no  date). 
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4.000  ENVIRONMENTAL  IMPACT  OF  THE  PROPOSED  PROJECT 
AQUATIC  RESOURCES 

4.001  General  -  Creation  of  the  proposed  Pembilier  Reservoir  would  have 
significant  effects  on  the  aquatic  environment  of  the  area.  The  quality 
of  the  new  environment  would  depend  to  a  large  extent  upon:  climatic 
and  land-use  patterns  which  would  affect  the  quality  of  the  inflow  water; 
physical  and  chemical  controls  within  the  aquatic  medium;  morphometric 
factors  (such  as  the  amount  of  shoreline,  depth,  volume,  relation  of 
shallow  to  deep  areas);  biological  interactions;  and  operation  and 
management  practices  imposed  on  the  reservoir.  Changes  in  a  reservoir 
system  can  be  attributed  to  broad  category  effects  of  residence  time 
of  the  water  in  the  reservoir,  season,  and  aging. 

4.002  The  "lake"l  formed  by  the  proposed  dam  would  permanently  innundate 
approximately  9.5  miles  of  free  flowing  stream  while  under  floodwater 
storage  conditions  (at  a  pool  elevation  of  1080)  up  to  an  additional 
11.5  miles  of  stream  would  be  inundated. 

4.003  Physical  and  Chemical  Aspects  -  The  area  occupied  ]>y  the  conser¬ 
vation  pool  would  be  abruptly  changed  from  a  riverine  (lotic)  to  a 
lake  (lentic)  environment.  Along  with  a  reduction  in  current, 
changes  in  physical  and  chemical  parameters  would  also  occur,  most  of  which 
would  have  profound  effects  on  the  aquatic  biota. 

4.004  Temperature  is  probably  the  single  most  important  factor  affecting 
the  biotic  and  abiotic  components  of  a  lake  ecosystem.  Temperature 
affects  almost  every  other  physical,  chemical,  and  biological  process 
within  the  aquatic  system  from  mixing,  to  solubility  relationships  to 
metabolic  reactions.  Of  prime  importance  is  the  affect  of  temperature  on 
the  density  of  materials,  in  this  case  water. 
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1  Terms  such  as  reservoir,  lake,  permanent  pool,  and  conservation 
pool  are  used  throughout  the  text  in  reference  to  the  initial  body  of 
water  impounded  by  the  proposed  Pembilier  Dam.  It  should  be  noted  that 
the  resulting  "lake"  differs  from  naturally  occurring  lakes  in  several 
significant  respects.  Many  of  these  differences  are  discussed  in  the  • 

text  in  connection  with  the  possible  environmental  impacts  of  the  reser¬ 
voir.  The  differences  are  primarily  related  to  greater  sedimentation 
and  water  level  fluctuations  within  the  reservoir  and  the  discharge 
controls  possible  through  multi-level  outlet  structures.  A  natural 
lake  is  a  dynamic  system.  Various  physical  processes  which  affect  the 
rating  of  aging  (nutrient  additions,  sedimentation,  circulation,  etc.)  • 

differ  in  flood  control  reservoirs,  as  opposed  to  natural  lakes,  i.e. 
they  are  usually  increased  in  reservoirs. 


53 


4 


I 


i 

1 

1 


fr 


b 


4 


« 


4.005  Because  water  has  a  maximum  density  at  4°  C  (approximately  39°  F) , 
water  that  is  warmer  or  colder  than  this  temperature  will  "float"  on 
top  of  the  denser  water.  In  a  lake  this  phenomenon  is  manifested  by  the 
fact  that  a  lake  freezes  from  the  top  down,  thus  preventing  the  lake 
from  becoming  one  huge  "ice  cube".  A  second  effect  of  this  behavior, 
the  formation  of  thermal  stratification  within  the  lake,  is  most  pro¬ 
nounced  during  the  summer. 

4.006  Summer  thermal  stratification  in  a  lake  results  in  three,  more  or 
less  distinct,  water  layers:  the  epiliinnion,  or  a  warm  surface  layer, 
which  is  usually  several  feet  thick;  the  hypolimnion,  or  the  bottom 
layer  of  cooler,  denser  water;  and  the  metalimnion,  or  middle  layer, 
exhibiting  a  pronounced  temperature  gradient  between  the  upper  and  lower 
layers  referred  to  as  the  thermocline. 

4.007  Thermal  stratification  in  a  lake  is  important  not  only  because 
it  separates  the  lake  into  "warm"  and  "cold"  layers,  but  probably 
of  more  importance,  it  represents  a  physical  discontinuity  between 
these  layers  that  impedes  mixing  of  the  water  layers  and  so  reduces 
the  rate  of  exchange  of  solutes  and  gases  between  the  layers. 

4.008  Because  the  hypolimnion  is  usually  below  the  euphotic,  or 
lighted  zone  in  most  lakes  at  the  latitude  of  the  proposed  project, 
photosynthesis  does  not  contribute  a  supply  of  oxygen  to  this  layer, 
and  since  oxygen  produced  in  the  epilimnion  cannot  reach  the  hypo¬ 
limnion  in  sufficient  amounts,  respiration  and  other  biochemical 
oxidations  in  productive  lakes  quickly  eliminate  the  oxygen  from  this 
layer,  resulting  in  "stagnant"  (reducing)  conditions. 

4.009  The  question  of  whether  a  lake  will  stratify  is  of  considerable 
importance.  Many  variables,  however,  including  insolation,  fetch, 
form,  size,  area-volume  relationships,  flushing  rate  and  pattern, 
surrounding  topography,  and  the  lakes  orientation  to  the  wind  affect 
the  thermal  stratification  process  in  a  body  of  water. 

4.010  The  conservation  pool  of  the  proposed  Pembilier  Reservoir  would 
be  about  800  acres  and  would  be  elongate  in  form  with  the  long  axis 
running  WNW  to  ESE.  The  conservation  pool  would  be  approximately  7.0 
miles  long  with  a  mean  width  of  about  one- fourth  mile.  The  mean  depth 
would  be  about  19  feet.  The  lake  would  be  incised  into  a  steeply  walled 
canyon  with  the  surrounding  uplands  lying  about  100  feet  above  the  water 
surface.  The  maximum  straight-line  fetch  would  be  about  2.5  miles  (approx¬ 
imately  4.0  km). 
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4.011  Data  obtained  from  inspection  of  the  surface  area-capacity  curves 
that  were  developed  for  the  proposed  reservoir  are  tabulated  in  table  19. 
The  volume  of  the  conservation  pool  would  be  about  15,000  acre-feet. 

Based  on  an  average  daily  discharge  of  205  cfs  (table  6) ,  an  average 
residence  time  of  about  40  days  would  be  expected. 


Table  19 

Relat ionship 

between  cross-sectional 

area  and  depth. 

Area  equal  to  or 

Elevation 

Depth 

greater  than  depth 

Percent  total 

( feet) 

( feet) 

(acre) 

1010 

0 

800 

100 

1005 

5 

680 

85 

1000 

10 

570 

71 

995 

15 

450 

56 

990 

20 

350 

44 

935 

25 

260 

32 

980 

30 

180 

22 

4.012  Results  obtained  by  applying  a  method  proposed  by  R.A.  Ragotskie 
(personal  communication),  which  was  developed  for  predicting  thermal 
stratification  of  lakes  in  forested  areas,  indicated  that  the  proposed 
reservoir  would  stratify  during  the  summer  and  that  tne  thermocline 
would  be  found  at  increasing  depths  during  the  course  of  the  summer, 
being  found  at  about  26  feet  in  August.  The  amount  of  lake  bottom 
below  this  depth  would  be  about  30  percent  of  the  total  permanent  pool 
surface  area.  The  volume  of  the  hypolimnion  at  this  time  would  be 
about  2,500  acre-feet  (about  17  percent  of  conservation  pool  volume). 

4.013  Future  studies  would  be  needed  to  consider  the  thermal  and  nutri¬ 
ent  properties  of  the  proposed  reservoir  in  much  greater  detail  with  the 
objectives  of  identifying  the  types  and  degrees  of  various  potential 
problems  relating  to  water  quality  and  to  developing  operational  plans 
consistent  with  reservoir  and  downstream  water  quality  requirements,  i.e. 
temperature  and  nutrient  concentrations.  These  studies  would  explore  the 
effects  of  discharging  water  from  one  level,  several  levels  simultaneously, 
and  various  levels  throughout  the  season.  Consideration  would  be  given  to 
quality  and  quantity  of  water  in  the  downstream  reaches  and  in  the  reservoir 
in  relation  to  the  operation  and  maintenance  plans  for  the  reservoir,  con¬ 
sideration  would  also  be  given  to  other  potential  functions  such  as  water 
supply,  low-flow  augmentation,  water  level  fluctuations  for  fishery  and 
habitat  management,  and  pool  stability  for  recreational  and  aesthetic  pur¬ 
poses.  The  final  operating  plan  would  probably  require  a  compromise 
between  conflicting  objectives.  (Refer  to  paragraph  1.027  for  discussion 
of  postauthorization  study  needs.) 


A. 014  Because  of  the  continual  emphasis  placed  on  phosphorus  as  the 
nutrient  with  the  greatest  potential  for  causing  excessive  algal 
growths  in  freshwater  environments,  an  attempt  was  made  to  assess  the 
phosphorus  loading  of  the  proposed  impoundment.  The  method  used  was 
similar  to  that  presented  by  Richardson  (1974),  for  the  proposed  La  Farge 
Reservoir  in  Wisconsin.  No  mathematical  expressions  were  developed  to 
represent  the  relation  between  dissolved  phosphorus  and  other  parameters 
such  as  flow  and  specific  conductance .  Instead,  several  methods  were 
used  to  calculate  monthly  mean  concentrations  for  the  period  of  record 
(exhibit  11). 

4.015  The  results  of  these  analyses  can  be  considered  only  the  crudest 
approximation  of  phosphorus  loading  rates.  Statistically,  calculations 
based  on  such  few  grab  samples  would  be  expected  to  have  low  precision 
while  their  accuracy  (closeness  to  the  true  monthly  mean)  is  unknown, 
and  may  be  high  or  low.  Also,  the  relatively  high  flow  years  of  1968- 
1972  may  not  be  representative  of  long-term  loading  rates.  Methods 
employed  for  calculating  "flow-weighted"  average  concentrations  are  thus 
subject  to  questioning  because  the  data  were  not  conducive  to  standard 
statistical  procedures  due  to  unequal  sample  sizes  and  infrequent  sampling. 

4.016  On  the  other  hand,  the  use  of  long-term  average  flows  to  estimate 
loading  rates  and  residence  times  may  underestimate  recent  and  future 
runoff  resulting  from  wetland  drainage,  land  clearing,  and  "modern" 
agricultural  practices,  e.g.  increased  use  of  fertilizers.  Finally, 
only  dissolved  phosphorus  was  reported  by  the  U.S.  Geological  Survey. 

Data  presented  for  La  Farge  Reservoir  indicates  that  inorganic  phosphorus 
(mostly  as  dissolved  ortho-phosphate)  was  approximately  one-half  the  total 
phosphorus  values  (Keeney,  et^  al . ,  1974).  Considering  the  high  suspended 
sediment  concentrations  of  the  Pembina  River,  it  is  probable  that  total 
phosphorus  concentrations  would  be  greater  than  those  presented  in  exhibit 
ll.(D 

4.017  Dissolved  phosphorus  loadings  for  the  Pembilier  site  were  calculated 
by  four  different  methods  (exhibit  12).  Three  of  the  methods  (a,  b,  and 
c)  resulted  in  values  that  were  greater  by  about  one  order  of  magnitude 
than  those  for  the  La  Farge  site  while  the  method  d  result  was  about  2  g/m^/ 
year  greater  than  for  the  highest  La  Farge  estimate.  The  cluster  of  lakes 
in  exhibit  11  (Monona,  Erie,  Redstone,  Cox  Hollow,  etc.)  were  considered 
"mildly  to  grossly  eutrophic"  while  La  Farge  Lake  was  classified  as 
"hypereutrophic"  (Richardson,  1974) . 

4.018  Determination  of  the  phosphus  loading  at  Lake  Ashtabula,  North 
Dakota,  was  also  made  using  U.S.  Geological  Survey  water  quality  data  from 
the  Sheyenne  River  near  Cooperstown,  North  Dakota,  for  the  period  October 
1970  to  September  1972.  Results  of  these  calculations  (exhibit  13)  indi¬ 
cate  that  Lake  Ashtabula  falls  in  the  range  of  the  above-mentioned  eutrophic 


(1)  The  significance  of  the  non-dissolved  phosphorus  fractions  is  dif¬ 
ficult  to  interpret  because  of  adsorption-desorption  equilibrium  reactions. 
(Refer  to  paragraph  4.024.) 


lakes.  The  points  on  exhibit  11  labeled  Ashtabula  (Peterka)  and  Ashtabula 
(Owen  &  Duerr)  are  based  on  additional  studies  of  the  area.  Peterka  (1970) 
estimated  that  5.8  metric  tons  of  ortho-phosphate  were  retained  in  Lake 
Ashtabula  for  the  year  starting  in  June  1967,  while  Owen  and  Duerr  (1974) 
estimated  that  as  much  as  1,250  tons  of  phosphate  could  accumulate  in  the 
reservoir.  The  two  points  estimated  were  then  calculated  by  using  these 
loading  levels  and  the  average  annual  flow  for  the  1970-72  period. 

4.019  Lake  Ashtabula  exhibits  no,  or  only  ephemeral,  thermal  stratifica¬ 
tion  because  of  its  shallowness  and  because  it  is  subjected  to  almost  dailv 
wind  action.  This  results  in  a  rather  uniform  distribution  (top  to  bottom) 
of  oxygen  and  temperature  within  the  reservoir.  This  isothermal  condition 
also  results  in  higher  turbidity  values  than  in  a  stratified  reservoir 
with  similar  physical  and  chemical  properties.  In  addition,  during 
isothermal  periods,  non-mobile  phytoplankton  would  be  continually 
transported  from  the  lighted-euphotic  zone  to  deeper  waters  where  the  light 
was  insufficient  for  photosynthesis.  This  would  reduce  the  potential  pro¬ 
duction  of  these  photosynthetic  phytoplankton.  In  spite  of  this  mixing 
phenomenon,  Lake  Ashtabula  experiences  blooms  of  blue-green  algal  during 
the  summer  (Johnson,  et  al.,  1974). 

4.020  The  following  facts  indicate  that  Pembilier  Reservoir  would  be 
eutrophic  and  would  experience  most  or  all  of  the  problems  associated 
with  a  eutrophic  lake  (including  algal  "blooms",  low  dissolved  oxygen, 
fish  kills,  and  "excessive"  weed  growth  during  some  periods):  (1)  Lake 
Ashtabula  does  not  thermally  stratify;  (2)  its  calculated  phosphorus 
loading  rate  is  about  10  to  100  times  less  than  that  determined  for 
Pembilier;  (3)  algal  blooms  do  occur  annually  at  Lake  Ashtabula;  and, 

(4)  phosphorus  loading  for  the  proposed  Pembilier  Reservoir  is  probably 
greater  than  that  determined  for  La  Farge.  In  light  of  these  preliminary 
results,  the  advisability  of  conducting  an  extensive  water  quality  survey 
of  the  proposed  Pembilier  Reservoir  and  an  evaluation  of  the  data  to 
determine  the  probable  quality  of  the  impounded  and  release  waters  to  a 
more  precise  degree  than  is  possible  from  tie  data  presently  available 
becomes  evident.  (Reference  paragraph  1.027). 

4.021  Under  anaerobic  conditions,  nutrients,  previously  unavailable 
because  they  were  adsorbed  on  exchange  complexes  or  were  present  as  in- 
soluable  forms,  could  be  released  from  the  bottom  sediments  and  dissolved 
in  the  overlying  waters.  Nitrogen,  phosphorus,  carbon  dioxide,  bicarbonates, 
iron,  and  manganese  are  but  a  few  parameters  that  would  be  expected  to 
increase  in  an  anaerobic  hypolimnion  while  pH  would  decrease.  Hydrogen 
sulfide  could  also  be  expected  to  occur  in  the  hypolimnion,  considering 
the  high  sulfate  concentrations  present  in  the  inflow  waters. 

4.022  During  the  release  of  water  from  the  reservoir  (hypolimnion  and/or 
epllimnion)  the  dissolved  oxygen  content  of  the  water  would  approach  or 
exceed  saturation  due  to  the  turbulent  mixing  during  discharge.  The  dis¬ 
solved  oxygen  concentration,  would,  however,  begin  to  decline  immediately 
due  to  biochemical  and  chemical  oxidations.  These  oxidation  processes 
would  reduce  the  dissolved  oxygen  concentration  in  the  stream,  for  some  un¬ 
determined  reach,  and  to  an  extent  dependent  upon  the  oxygen  demand,  tem¬ 
perature,  and  dissolved  oxygen  concentration  after  turbulent  mixing. 
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(The  release  of  nutrient  enriched,  hypolimnetic  waters  that  contained 
large  quantities  of  reduced  compounds  would  exert  a  greater  oxygen 
demand  than  epilimnetic  waters.)  The  oxvgen  demand  of  the  release 
waters  could,  under  certain  conditions,  be  great  enough  to  produce 
septic  conditions  for  a  reach  downstream  which  could  preclude  all 
but  specially  adapted  life  forms. '  ^  Under  conditions  of  lowered  tempera¬ 
ture  (the  actual  stream  temperature  would  depend  upon  the  reservoir  out¬ 
let  design,  operating  plan,  and  the  amhient  air  temerat urt)  ,  the  reach 
of  stream  subjected  to  lowered  dissolved  oxvgen  could  he  extended  be¬ 
cause  biochemical  reactions  would  proceed  at  a  reduced  rate.  As  the 
oxidations  continued,  the  B.O.D.  would  be  reduced,  and  instrean  aeration  an 
photosynthesis  would  eventually  increase  the  dissolved  oxvgen  to  levels 
capable  of  supporting  more  desirable  aquatic  species. 

4.023  It  is  probable  that  the  dissolved  oxygen  would  not  be  complete lv 
reduced  to  zero  concentration. 

4.024  Average  annual  solute  concentrations  of  the  Pemlina  diver,  al- 
through  indicative  of  a  hioh  nutrient  supnlv,  are  somewhat  misleading 
since  runoff  from  the  watershed  is  irregular  during  the  year.  December, 
January,  and  February  are  the  months  with  the  lowest  average  stream  dis¬ 
charge  while  April,  May,  and  June  are  the  months  of  maximum  discharge. 
During  periods  of  high  runoff,  concentrations  of  most  solutes  decrease 
as  evidenced  by  the  lower  total  dissolved  solids  and  specific  conductance 
values.  However,  it  is  during  the  months  of  maximum  runoff  that  nitrates 
and  phosphates,  probably  the  most  important  plant  nutrients,  exhibited 
maximum  concentrations  in  the  stream  water  (exhibit  3).  In  addition, 
total  suspended  solids  increased  dramatically  during  the  high  runoff 
periods.  As  an  example,  for  the  period  October  196b  to  September  1972, 
total  suspended  solids  for  the  months  of  April  to  June  averaged  210,394 
tons/month,  while  for  the  remainder  of  the  year  the  average  was  only 
3,966  tons/month.  Suspended  material,  depending  upon  its  size,  origin, 
and  composition  (organic  or  inorganic)  can  include  appreciable  quantities 
of  nutrients  in  adsorbed  and/or  combined  forms.  Once  deposited  in  the 
reservoir,  microbial  action  and  desorption  could  release  some  of  the 
nutrients  Into  the  water  providing  additional  growth  stimulus  to  aquatic 
plants  and  increasing  the  biochemical  oxvgen  demand.  Nutrient  mav  also 
be  removed  from  the  water  column  by  adsorption  onto  suspended  solids  that 
later  settle  out  in  the  reservoir.  The  equilibrium  between  adsorption 
and  dissolution  of  materials  from  dispersed  particles  is  due  to  a  multi¬ 
plicity  of  factors  and  is  generally  not  well  understood.  Further  studies 
would  be  needed  to  determine  the  magnitude  and  direction  of  tne  adsorption- 
dissolution  reactions  that  might  occur  in  the  proposed  reservoir. 

4.025  Water  with  a  high  nutrient  content  would  have  a  less  then  average 
residence  time  in  the  reservoir  because  this  water  occurs  during  periods 
of  high  runoff.  However,  following  release  of  anv  temporarily  stored 
floodvater,  the  remaining  water  could  have  a  nutrient  concentration 
sufficiently  high  enough  to  provide  the  necessary  requirements  for  high 


(1)  Organisms  (mostly  bacteria)  that  are  able  to  obtain  oxygen  under 
anaerobic  conditions  by  reducing  oxygen  containing  compounds.  Bautscii, 
1948. 


levels  of  plant  production.  Sawyer  (1947),  in  studying  Wisconsin  lakes, 
predicted  that  nuisance  blooms  of  algae  could  be  expected  if  spring  con¬ 
centrations  of  phosphorus  (as  ortho-phosphate)  and  nitrogen  of  0.01  mg/1 
and  0.30  r.ig/1,  respectively,  occurred.  At  the  time  of  release  of  stored 
floodwater,  the  reservoir  should  have  many  times  these  concentrations 
(based  on  river  water  concentrations).  Whether  o-  not  algal  "blooms" 
would  occur  in  the  reservoir  would  depend  on  mar  .ctors  in  addition 
to  nutrient  concentration,  e.g.  temperature,  turb  ..tv,  operation  plan. 

4.026  A  beneficial  function  of  high  flows  on  the  Pembina  River  is  the 
dilution  effect  it  provides  for  effluents  from  downstream  waste  stabiliza¬ 
tion  lagoons.  Although  the  North  Dakota  State  Department  of  Health  has 
established  standards  for  effluent  discharges  (Regulation  61-28-05.2,  IV), 
the  discharges  in  the  basin  must  be  controlled,  i.e.  they  need  to  be  re¬ 
leased  during  periods  of  adequate  flow.  Releases  during  low  flow  condi¬ 
tions  could  result  in  certain  parameters  exceeding  State  standards.  By 
reducing  the  normal  high  flows  in  the  river,  the  rate  and  duration  of 
effluent  discharges  may  be  modified  as  a  result  of  the  project.  This 
should  not  present  a  significant  problem  for  the  treatment  plants  opera¬ 
tions. 

4.027  Biological  Considerations  -  With  the  change  from  a  lotic  to  a 
lentic  environment ,  communities  of  plants  and  animals  would  exhibit  more 
vertical  stratif ication  than  existed  in  the  stream  environment.  Thermal 
stratification  would  excentuate  this  stratification,  but  even  in  its  ab¬ 
sence,  stratification  of  the  biological  components  would  occur,  although 
to  a  more  limited  extent.  The  reservoir  would  contain  a  trophogenic 
region  where  organic  production  occurs  and  a  tropholytic  region  where 
decomposition  predominated.  Species  of  plants  and  animals  that  are  capable 
of  directed  motion  may  exhibit  daily  migrations  to  and  from  the  euphotic 
zone.  Horizontal  stratification  would  also  be  more  pronounced  in  the  lentic 
environment.  There  would  be  a  transition  of  both  plants  and  animals  species 
as  one  proceeded  from  the  shallow,  littoral  zone  of  a  lake  to  the  deep 
benthic  zone. 

4.028  The  effects  of  this  stratification  would  be  to  increase  the  diver¬ 
sity  of  aquatic  habitat,  over  existing  conditions,  and  thus  the  potential 
for  a  more  diverse  biota.  Pollution  and/or  eutrophication  tends  to  reduce 
the  diversity  of  organisms  by  excluding  them  from  certain  areas  of  the 
environment  (e.g.  an  anaerobic  hypolimnion) .  Typically,  in  such  cases, 
the  total  diversity  of  organisms  is  decreased  while  the  numbers  of  those 
species  that  are  able  to  exist  in  the  altered  environment  is  increased 
because  of  a  reduction  in  competition. 

4.029  Based  on  previous  experiences  with  eutrophic  lakes  in  the  general 
geographical  area,  a  seasonal  pattern  of  algal  growth  would  be  expected. 
During  and  following  spring  drawdown,  diatoms  (Chrvsophyta)  and  green 
algae  (Chlorophyta)  would  probably  dominate  the  algal  populations. 

Depending  on  the  temperature  and  turbidity  at  this  time,  "bloom"  con¬ 
ditions  may  be  experienced.  Algae  of  these  phyla  are  generally  considered 
inoffensive  even  at  high  biomass  levels.  Subsequent  peaks  of  algal 
population  from  July  through  September  would  probably  contain  large 
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quantities  of  blue-green  algae  (Cvanophyta) .  It  is  this  phylum  of  algae 
that  is  generally  responsible  for  most  algal  nuisances.  Many  species  of 
blue-green  algae  produce  foul  odors  and  mav  liberate  toxic  substances 
during  large  die-offs  that  generally  make  the  water  unsuitable  for  recrea¬ 
tional  uses.  Algal  "blooms"  also  represent  a  considerable  11.0.;).  potential 
during  die-offs.  Oxygen  concentrations  can  be  reduced  to  levels  below 
that  required  by  many  organisns,  and  can  result  in  "summer  kill"  condi¬ 
tions.  Also,  blue-green  algae  are  not  generally  important  in  the  foodwebs 
which  lead  to  the  production  of  desirable  fish  species,  and  in  fact,  mav 
interfere  with  such  webs  through  competative  exclusion  of  more  desirable 
algal  species. 

4.030  'Blooms"  of  blue-green  algae  (probablv  Aphanizoneon  Flos-aguai) 
occurred  in  1962  in  Rock  and  Pelican  Lakes  in  Manitoba  and  required  the 
posting  of  these  lakes  to  prevent  the  possibility  of  serious  illness  to  re¬ 
creationists.  Data  from  Homme  and  Ashtabula  Reservoirs  in  North  Dakota 
(Farmer,  et  al. ,  1974:  Johnson,  eit  al . ,  1974)  indicate  that  algae  pro¬ 
blems  occur  in  these  reservoirs  with  inflow  concentrations  of  nitrogen  and 
phosphorus  lower  than  those  expected  at  the  Pembilier  site.  More  serious 
problems  at  these  reservoirs  are  probably  obviated  by  the  fact  that  they 
do  not  thermally  stratify  and  thus  maintain  a  degree  of  turbidity  that  re¬ 
duces  the  potential  for  excessive  algal  growth. 

4.031  Rooted  aquatic  plants  would  probably  not  represent  a  serious 
initial  problem  in  the  proposed  reservoir  because  of  its  relativity  steep 
sides,  although  about  20  percent  of  the  total  surface  area  of  the  conser¬ 
vation  pool  probably  would  be  at  a  depth  suitable  for  their  growth,  i.e. 

8  feet  or  less.  However,  as  the  reservoir  began  filling  with  sediment,  the 
amount  of  shallow  area  would  Increase,  providing  more  areas  suitable  for 
rooted  aquatic  plants  and  creating  marsh-type  areas  dominated  by  bulrushes, 
arrowhead,  and  cattails.  As  the  sediments  accumulated,  more  open  water 
areas  of  suitable  depth  would  be  colonized  by  pondweed,  coontail,  and  water 
lilies  because  of  the  rich  nutrient  source  provided  by  the  sediment. 

The  development  of  rooted  aquatic  plants  would  also  be  effected  by 
reservoir  operating  plans  and  by  "shading”  from  dense  algal  populations. 

4.032  Dense  growths  of  emergent  aquatic  plants  would  provide  seasonal 
habitat  for  many  wildlife  species,  particularly  waterfowl.  Submergent 
plants  would  also  provide  cover  for  fish.  However,  the  protection  of  small 
fish  from  predation,  as  well  as  reduced  angler  success  that  can  occur 
due  to  dense  growths  of  aquatic  plants,  could  contribute  significantly 
to  the  creation  of  stunted  fish  populations  that  would  generally  be  un¬ 
acceptable  to  anglers. 

4.033  "Weed"  beds  would  also  reduce  the  recreation  potential  of  the 
affected  areas  by  interfering  with  most  water  related  activities  and 
could  reduce  and  eventually  prevent  the  utilization  of  facilities  such  as 
boat  docks  in  these  areas.  Adverse  recreational  aspects  attributed  to 
excessive  plant  growth  would  be  obviated  to  some  extent  by  locating  re¬ 
creation  facilities  at  the  deep  end  of  the  impoundment  and  through  mani¬ 
pulation  of  bottom  contours  and  materials. 

4.034  Rooted  aquatic  vegetation  would  be  beneficial  in  reducing  shoreline 
erosion  and  would  act  as  a  sediment  and  nutrient  trap,  reducing  the  con¬ 
tribution  of  nutrients  to  the  reservoir  during  certain  periods.  Increased 
sedimentation  in  these  areas  would,  however,  tend  to  increase  plant  pro¬ 
duction  in  the  littoral  zone  by  increasing  the  amount  of  area  with  suit¬ 
able  substrate  and  depth. 
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A. 035  It  is  not  known  at  this  time  whether  hypolimnetic  discharge  from 
the  reservoir  during  the  summer  would  have  a  significant  effect  upon  algal 
biomass  in  the  reservoir.  It  is  possible  that  by  decreasing  the  volume  of 
the  nutrient-rich  hypolimnion  prior  to  the  fall  overturn  that  the  nutrient 
concentrations  in  the  reservoir  during  the  winter  might  be  lowered,  thus 
reducing  the  chance  of  a  "winter  kill"  problem.  It  is  unlikely,  however, 
that  such  an  operation  would  affect  spring-summer  nutrient  concentrations 
in  epilimnion  of  the  lake  due  to  the  high  concentration  of  nutrients  in 
the  runoff  inflow  at  that  time. 

4.036  Hypolimnetic  discharge  would  probably  have  significant  effects  on 
a  reach  of  stream  below  the  dam.  At  worst,  septic  conditions  could  be 
experienced  for  some  undetermined  stretch  followed  by  a  gradual  return 
to  pre-dam  conditions.  At  the  other  extreme,  a  stream  with  an  abundant 
plant  community  could  exist  due  to  decreased  turbidity,  increased  nutrients 
and  increased  stability.  This  type  of  situation  could  lead  to  night-time 
dissolved  oxygen  problems  due  to  the  B.O.b.  of  the  release  waters  and  the 
additional  respiration  demand  of  the  large  plant  community. 

4.037  There  would  probably  be  a  dramatic  change  in  the  numbers  and  di¬ 
versity  of  invertebrates  in  both  the  reservoir  and  the  downstream  reaches 
of  the. river.  Following  construction  of  an  impoundment,  downstream  inverte¬ 
brate  populations  generally  increase  in  numbers  but  species  diversity  de¬ 
clines.  However,  because  of  the  poor  environment  that  presently  exists, 
species  diversity  would  probably  also  Increase  below  the  dam.  The  reser¬ 
voir  would  probably  experience  an  increase  in  both  numbers  and  diversity. 
Invertebrate  production  downstream  would  increase  over  the  present  condi¬ 
tion  because  of  more  stable  flow  conditions,  reduced  turbidity,  and  in¬ 
creased  plant  growth  (due  to  higher  nutrient  concentration  of  the  water) 
which  would  provide  additional  food  and  living  space.  Types  and  species 
of  invertebrates  occupying  the  new  lake  environment  would  be  more  or  less 
characteristic  of  other  lakes  in  the  area  with  their  distribution  dependent 
upon  turbidity,  oxygen  concentrations,  and  current. 

4.038  Fish  production  in  the  reservoir  and  in  the  downstream  reaches 
would  be  significantly  increased  over  that  in  the  existing  stream.  At 
present,  fish  production  is  limited  by  both  acceptable  living  space  and 
food  supply.  The  shifting  bottom  sediments,  high  turbidity,  and  variable 
flow  conditions  that  presently  exist  in  the  Pembina  River  are  not  suitable 
for  production  of  plants  and  Invertebrates.  With  more  stable  flows  and 
less  sedimentation,  the  downstream  reach  of  the  Pembina  River  would  support 
a  higher  fish  population.  It  may  be  possible,  through  selective  withdrawal, 
to  provide  temperature  and  dissolved  oxygen  conditions  that  would  be  amen¬ 
able  to  some  species  of  game  fish.  This  would  be  investigated  under  post- 
authorization  water  quality  studies  and  would  be  coordinated  with  the 
agencies  having  fishery  management  expertise. 

4.039  Fish  production  within  the  reservoir  should  be  high.  Species  such 
as  bluegllls,  perch  and  bullhead,  should  do  well  in  the  reservoir  with  little 
active  management.  Walleye  and  northern  pike  could  probably  exhibit  good 
growth  in  the  reservoir  but  their  success  would  depend  on  a  stocking  plan  as 
spawning  sites  would  be  limited.  Largemouth  bass  could  probably  exhibit  early 
success  in  the  new  environment  until  over  production  of  other  species 


67 


(sunfish  and  perch)  exerted  pressure  on  them  through  predation  on  eggs 
and  fry.  As  the  reservoir  aged,  fish  production  should  stabilize  at 
a  fairly  high  level.  Due  to  sedimentation  and  excess  cover  provided 
by  littoral  zone  plants,  much  of  the  fish  production  would  probably  be 
provided  by  a  very  large  biomass  of  small,  stunted  fish  because  predator 
pressures  would  be  insufficient  to  keep  their  population  size  under  control. 
It  is  possible  that  by  management  techniques,  such  as  drawdown  and  poi¬ 
soning,  that  some  control  could  be  exerted  over  the  fish  populations. 

These  management  techniques,  along  with  possible  downstream  management, 
would  be  examined  in  greater  detail  during  a  postauthorization  phase  of 
the  project.  It  should  be  noted,  however,  that  the  North  Dakota  Game  and 
Fish  Department  has  expressed  no  interest  in  managing  the  reservoir  fishery 
but  would  offer  professional  advice  regarding  reservoir  operations. 

VEGETATION 

4.040  Productivity  -  Productivity  of  the  land  would  be  adversely  affected 
through  the  foregoing  of  part  of  the  periodic  enrichment  caused  by  the 
siltladen  floouwaters.  Jowever,  this  conclusion  uoes  not  consider 
the  (generally  controllable,  depending  upon  agricultural  practices)  ero¬ 
sion  losses  to  agricultural  land  during  flooding.  The  distinction 
is  drawn  here  between  reduced  basic  productivity  and  project-induced 
increased  average  crop  yields  which  the  farmer  would  realize  in  his 
lifetime  through  reduced  flood  losses. 

4.041  One  of  the  most  obvious  effects  of  the  proposed  reservoir  on  the 
present  environment  of  the  reservoir  area  would  be  the  direct  loss  of 
about  800  acres  of  bottomland  community  types.  These  communities  lie 
below  the  1010-foot  contour  interval  and  would  be  permanently  inundated 
by  the  conservation  pool.  An  additional  acreage  would  be  affected  by  the 
reservoir  clearing  operation  (to  3  feet  above  permanent  pool  elevation 
or  within  100  yards  of  the  pool,  whichever  is  less),  for  placement  of 
the  structures  themselves,  and  for  the  procuring  of  borrow  material. 

(borrow  areas  would  be  identified  during  later  phase  studies). 

4.042  Well  developed  bottomland  vegetation  is  not  restricted  to  the 
immediate  area  of  the  proposed  reservoir.  It  occurs  below  the  proposed 
dam  as  well  as  upstream  of  the  reservoir.  This  community  type  would 
not  be  unaffected  in  spite  of  its  location  away  from  the  reservoir 
pool  area.  Studies  have  shown  that  the  presence  of  a  reservoir  on  a 
river  can  have  a  significant  effect  on  the  existing  pattern  of  vege¬ 
tation,  even  though  it  is  not  in  the  immediate  vicinity  of  the  dam. 

4.043  In  studies  along  the  Missouri  River  in  North  Dakota,  a  decided 
change  in  the  vegetation  of  the  floodplain  was  observed  immediately 
below  Garrison  Dam  following  its  closure  (Hibbard,  1972).  Investiga¬ 
tions  in  the  late  1950's  indicated  that  the  floodplain  contained  a 
dense  growth  of  herbaceous  vegetation  and  that  the  various  species  of 
trees  showed  a  typical  healthy  growth.  By  1968,  after  at  least  15  years 
without  a  flood,  many  cottonwood  and  box  elder  trees  had  dead  branches 
and  appeared  to  be  dying.  The  herbaceous  vegetation  also  showed  the 
effects  of  drier  conditions  with  some  mesic  species  having  been  elim¬ 
inated  in  the  time  interval.  Johnson  (1971)  later  quantified  these 
phenomena  through  increment  borings.  He  found  that  "measurements  of 
numerous  cores  extracted  from  the  six  tree  species  indicate  a  substan¬ 
tial  reduction  in  the  growth  of  most  species  since  the  cessation  of 
flooding  in  the  bottomlands  along  the  Missouri  River.  The  major  tree 
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species  in  the  floodplain  (cottonwood,  American  elm,  green  ash,  and 
box  elder)  exhibited  marked  decreases  in  the  total  radial  growth  be¬ 
tween  the  period  of  high  flood  frequency  (1940-1955)  and  the  period 
of  flood  protection  (1955-1970)." 

4.044  Lago  (1971)  studied  floodplain  vegetation  in  north-central  Minne¬ 
sota  along  the  Upper  Mississippi  River.  Stands  located  above  a  power 
dam  constructed  in  1909  were  compared  with  stands  below  the  dam.  The 
major  tree  species  in  the  upstream  stands  were  green  ash,  American  elm, 
and  silver  maple.  Green  ash  was  also  a  dominant  tree  in  the  downstream 
stands  although  its  average  importance  value  was  less  than  in  the  up¬ 
stream  areas.  American  elm,  another  dominant  in  the  downstream  as 
well  as  the  upstream  stands,  had  a  slightly  higher  average  importance 
value  below  the  dam.  The  distribution  of  silver  maple,  a  species  which 
apparently  is  not  present  at  the  Pembilier  damsite,  was  significantly 
affected  by  the  construction  of  the  reservoir.  This  species  was  al¬ 
most  entirely  restricted  to  upstream  stands.  Box  elder  responded  in 
a  similar  fashion. 

4.045  Green  ash,  a  species  which  was  more  abundant  above  the  dam,  has 
been  shown  to  be  more  tolerant  of  flooding  than  many  tree  species  in¬ 
cluding  American  elm  and  silver  maple  (Green,  1947).  Green  also  found 
that  green  ash  exhibits  a  positive  growth  response  following  a  flood, 
an  observation  confirmed  by  Lago. 

4.046  Germination,  seedling  establishment,  and  early  development  are  also 
affected  by  flooding  (or  lack  of  it)  and  the  period  of  inundation.  Hosner 
and  Minckler  (1960)  found  that  box  elder  seedlings  tolerated  flooding  quite 
well  while  green  ash  was  only  slightly  less  tolerant.  American  elm  was  less 
tolerant  than  either  box  elder  or  green  ash  but  more  tolerant  than  most  other 
deciduous  tree  species  which  occurred  in  the  study  area.  Lago  (1971)  found 
that  among  the  tree  species  present  in  this  study  area,  green  ash  exhibited 
the  highest  density,  both  above  and  belcw  the  dam,  but  its  density  was  signi¬ 
ficantly  less  in  the  downstream  stands  relative  to  upstream  green  ash  stands. 
A  similar  pattern  existed  for  box  elder.  Not  all  the  differences  could  be 
attributed  to  the  direct  effects  of  the  flooding  regime,  however,  since  some 
of  the  species,  notably  balsam  poplar  and  trembling  aspen,  exhibited  signifi¬ 
cant  responses  to  disturbance  of  the  forest  canopy.  Disturbance  of  the 
canopy  could  be  a  direct  effect  of  an  altered  flooding  regime,  however. 


4.047  A  definite  difference  was  also  observed  by  Lago  in  the  shrubby 
species.  The  lack  of  a  well  developed  shrub  layer  in  vegetated  areas  which 
are  frequently  flooded  has  been  noted  in  several  studies  (Wanek,  1967; 
Yeager,  1949).  Lago  found  that  overall,  there  were  approximately  four 
times  as  many  shrubs  per  acre  below  the  dam  as  above  it,  andh-R^  -"ly 
all  the  shrub  species  had  higher  densities  in  the  downstream  st.uids, 

4.048  In  addition  to  the  rather  obvious  differences  in  the  woody  species 
above  and  below  the  dam,  Lago  also  observed  differences  in  the  herba¬ 
ceous  species  composition  of  the  two  areas.  The  general  pattern  below 
the  dam  was  again  that  of  increased  numbers  of  more  mesic  decid¬ 
uous  forest  herbs  and  a  decline  of  those  more  typical  of  wet  bottomlands. 
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4.049  This  vegetation  pattern  was  a  reflection  of  differences  in  the 
physical  environment  that  could  be  attributed  to  the  presence  of  a  dam 
and  reservoir.  The  floodplain  environment  above  the  dam  was  wetter 
than  below  and  was  subject  to  periodic  flooding  and  to  longer  periods 

of  inundation.  Lago  (1971)  observed  standing  water  in  his  upstream  ^ 

stands  as  late  as  August. 

4.050  Disruption  in  vegetation  patterns  similar  to  those  described 
above  can  be  anticipated  for  the  proposed  Pembilier  Reservoir.  The 
flood  tolerant  timber  species,  such  as  green  ash  and  American  elm 

along  with  box  elder,  would  be  dominant  in  areas  upstream  from  the  dam  ft 

provided  that  the  trees  are  not  killed  by  silt  deposition  and  excessive 
moisture.  Effects  found  by  Lago  (1971)  are  expected  to  be  more  pro¬ 
nounced  in  the  case  of  Pembilier  Reservoir  because  Lake  Bemidji,  in 
Lago's  study,  has  relatively  insignificant  floodwater  storage  and  the 
inflowing  water  is  much  less  turbid  than  the  Pembina  River.  A  sig¬ 
nificant  decrease  in  the  density  of  flood  tolerant  timber  species  in  § 

downstream  locations  can  be  expected  as  the  drier  environment  results 
in  conditions  more  favorable  to  upland  species  such  as  balsam  poplar, 
aspen,  bur  oak  and  paper  birch. 

4.051  Over  a  time  span  of  perhaps  two  decades,  as  the  floodplain  timber 

species  would  decline  in  vigor  or  die  out  and  be  replaced,  a  dense  down-  • 

stream  shrub  layer  could  establish  itself  below  the  dam.  The  increase  in 
most  of  the  shrubby  species  below  the  dam  would  be  the  result  of  reduced 
frequency  of  flooding  and  the  absence  of  prolonged  periods  of  inundation. 

4.052  Forest  herbaceous  species  can  also  be  expected  to  parallel  the  herb¬ 
aceous  communities  discussed  by  Lago  (1971) .  The  composition  of  the  bottom-  • 

land  stands  upstream  from  the  conservation  pool  may  remain  unchanged  and  typi¬ 
cal  of  wet  bottomland  types,  or  may  show  an  increase  in  wet-adapted  species. 

The  herbaceous  vegetation  may  also  become  more  sparse  due  to  siltation  from 
floodwater  storage.  Below  the  damsite  the  hydric  (wet-adopted)  species  would 
die  off  and  be  replaced  by  the  mesic  (moderate  moisture-adapted)  species. 

• 

4.053  These  conclusions  are  generally  consistent  with  the  work  of  Burgess, 
et  al.  (1973),  who  found  that  foregoing  of  flooding  causes  the 
productivity  of  floodplain  stands  to  decrease.  Those  workers  also 
found  the  productivity  of  the  lower  forest  levels  to  decrease, which 
appears  to  be  inconsistent  with  the  findings  of  Lago  (1971), and  which 

would  indicate  a  greater  adverse  effect  than  suggested  by  Lago's  work.  • 

4.054  While  most  of  these  effects  would  accrue  to  wooded  areas,  the  pro¬ 
ductivity  of  the  occasional  wetlands  below  the  dam  (such  as  in  old  ox¬ 
bows)  could  also  be  adversely  affected  through  some  foregoing  of  the 
nutrient  enrichment  and  water  recharge  associated  with  frequent  flooding. 

i 

4.055  The  dam  would  probably  affect  vegetation  downstream  until  major 
tributaries,  such  as  perhaps  the  Tongue  River,  were  reached. 

Effects  would  be  moderated  below  the  major  tributaries,  and  it  may 
be  assumed  that  the  impacts  would  occur  to  a  degree  similar  to  the  re¬ 
duction  in  flood  damages  in  downstream  areas.  Although  floods  greater 

than  the  once  in  36-year  flood  would  not  be  completely  controlled  by  the  •  • 

proposed  project  (they  would,  however,  be  attenuated  somewhat),  these  vege- 
tational  changes  are  claimed  because  a  review  of  the  literature  suggested  that 
much  of  the  effect  was  associated  with  the  more  frequent  flood  events. 
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4.056  While  bottomland  types  represent  the  largest  vegetation  types  that 
would  be  permanently  inundated  by  the  conservation  pool,  floodwater  storage 
would  occasionally  inundate  vegetation  to  elevation  1086  (during  the  100- 
year  flood  even  with  surcharge  storage).  This  means  that  communities  not 
now  subject  to  periodic  flooding  would  occasionally  be  flooded  if  the  re¬ 
servoir  were  constructed.  Slope  characteristics  and  edaphic  factors  seem 
to  be  the  factors  responsible  for  the  existing  vegetation  types  on  the 
valley  walls.  Many  of  the  plant  species  now  restricted  to  the  slopes  or 
the  uplands  are  probably  there  because  they  cannot  tolerate  flooding.  If 
these  environments  are  periodically  flooded,  these  species  may  be  eliminated. 
They  would  not  be  eliminated  from  the  general  area,  however,  since  they 
also  occur  on  the  level  uplands.  On  the  other  hand,  there  may  be  some  species 
presently  characteristic  of  the  bottomland  which  might  be  able  to  occupy 
certain  of  the  slope  sites  for  the  same  reason  that  others  are  eliminated. 
Species  likely  to  be  affected  most  dramatically  would  be  herbs  and  shrubs. 
There  would  probably  be  a  significant  decline  in  the  diversity  of  shrub 
species  below  the  upper  limit  of  the  design  pool. 

ANIMAL  RESOURCES 

4.057  The  impact  of  the  proposed  reservoir  on  terrestrial  animal  re¬ 
sources  is  perhaps  more  dramatic  and,  hence,  more  easily  interpreted 
than  it  is  for  the  aquatic  organisms.  While  certain  aquatic  species 
would  gradually  be  eliminated  as  the  reservoir  fills,  other  species 
would  become  more  abundant.  They  would  probably  not  be  rapidly  eli¬ 
minated  as  would  many  of  the  terrestrial  species. 

4.058  Several  authors  have  reported  on  the  effect  of  permanent  flooding 
upon  wildlife  and  vegetation.  Yeager  (1949)  has  studied  the  effects 
of  an  impoundment  created  by  the  Alton  Dam  in  Illinois.  He 
found  that  terrestrial  species  of  mammals  were  eliminated  while  in 
the  shallow,  upper  end  of  the  reservoir  mink  populations  remained 
stable  and  muskrats  increased.  These  effects  cannot  be  directly 
compared  with  the  effects  of  Pembilier  Reservoir,  however,  because 
of  a  different  regime  of  water  level  fluctuations.  fhere  was  also  a 
great  increase  in  several  species  of  herons.  With  the  appearance  of 
marsh  vegetation,  red-winged  blackbirds  increased,  while  woodpeckers 
became  temporarily  more  abundant  in  the  flooded  and  dying  timber. 

4.059  A  report  written  at  the  time  of  the  initial  filling  of  Garrison 
Reservoir  (Hibbard,  1954)  illustrates  impacts  on  terrestrial  animals: 

"Two  beaver  colonies  had  already  been  eliminated,  for  water  covered 
their  lodges...  The  lower  or  primary  floodplain  is  entirely  covered 
with  water  to  a  depth  of  approximately  3  to  4  feet,  causing  harmful 
effects  on  several  species  of  animals.  Cottontails  have  been  forced 
out  of  the  brushy  bottomland  and  are  now  very  abundant  where  the  ice 
of  the  reservoir  meets  the  foot  of  bluffs  on  the  west  side  of  the  river. 
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Porcupines  and  squirrels  have  not  been  greatly  affected  as  yet  for  they 
move  over  the  ice  from  tree  to  tree,  utilizing  cottonwoods  and  box  elders 
considerable  distances  from  shore.  With  this  sudden  increase  in  prey 
species,  mainly  cottontails,  large  numbers  of  predator  species  appar¬ 
ently  moved  in,  for  in  about  a  1  mile  stretch  of  the  present  reservoir 
shoreline  five  fresh  cottontail  kills  were  found.  Most  of  these  kills 
appeared  to  be  made  by  coyote  or  fox  while  one  was  definitely  an  avian 
predator,  probably  a  horned  owl.  No  other  trace  of  any  furbearer 
except  skunk  was  noted."  Other  mammals,  such  as  mink  and  rac¬ 
coon,  had  apparently  already  vacated  the  area,  for  none  were  evident. 

4.060  Large  reduction  in  the  numbers  of  terrestrial  birds  also  occurred 
due  to  the  impoundment  of  Garrison  Reservoir.  An  estimated  400,000 
pairs  of  breeding  birds,  consisting  of  30  to  35  forest  dwelling  species 
and  probably  a  greater  number  of  forest  edge  and  open  country  birds,  con¬ 
tributed  to  this  total. 

4.061  In  contrast,  populations  of  a  number  of  terrestrial  species  were  in¬ 
creased  by  the  formation  of  me  reservoir.  Chief  among  this  group  were 
waterfowl.  Use  of  the  unimpounded  Missouri  River  by  these  soecies 
was  negligible  except  for  minor  use  by  late-season  mallards  and  geese. 

By  1963,  10  years  after  the  closing  of  the  dam,  waterfowl  use  on  the 
reservoir  had  reached  a  high  estimated  at  460,000  birds  (Enyeart, 

1964).  Several  other  bird  species  dependent  upon  fish  or  aquatic 
invertebrate  populations  also  increased.  Included  among  this  group 
were  great  blue  herons  and  double-crested  cormorants  which  soon  formed 
large  colonies  on  inundated  timberland.  Several  species  of  gulls  and 
terns  also  became  numerous  as  the  reservoir  filled.  Eagles 
have  also  concentrated  along  the  Missouri  River  reservoirs 
which  may  or  may  not  be  to  the  detriment  of  the  species . 

Pembilier  Reservoir  may  show  some  of  these  effects  although  the  mag¬ 
nitude  would  be  smaller,  or  some  of  these  effects  may  not  occur  because 
the  areal  extent  of  altered  habitat  would  be  too  small. 

4.062  Woodland  bird  species  would  be  one  of  the  major  groups  of 
animals  affected  should  the  reservoir  be  constructed.  Based  on  a  con¬ 
servative  population  estimate  of  300  breeding  pairs  per  100  acres, 
the  habitat  of  about  2,400  pairs  of  breeding  birds  would  be  eliminated 
by  the  proposed  800-acre  conservation  pool.  An  undetermined  additional 
acreage  would  be  sufficiently  disturbed  to  eliminate  the  breeding  of  typical 
terrestrial  woodland  species  from  the  affected  area.  Thus,  the  reservoir 
might  be  expected  to  reduce  by  about  several  thousand  pairs,  the  number  of 
breeding  birds  currently  utilizing  the  area.  Additional  pairs  would  be  eli¬ 
minated  from  upland  sites  due  to  dam  building  operations  and  parking  site  con 
struction.  This  loss  would  be  somewhat  counterbalanced  by  the  addition  or 
redistribution  of  water-oriented  species  which  are  now  infrequent  in  the  area 

4.063  Most  species  would  lose  all  or  nearly  all  of  their  present  popu¬ 
lation  within  the  conservation  pool  area  and  some  of  the  adjacent  land 
area  within  the  reservoir  flood  pool.  In  some  cases  losses  of  certain 
species  would  be  offset  by  the  addition  of  new  species.  As  indi¬ 
cated  in  the  reservoir  studies  cited  earlier,  several  heron  species 
and  other  fish-eating  birds  would  probably  become  more  abundant  than 
they  are  now.  Chief  among  these  species  mav  be  the  great  blue  heron. 
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4.064  Increased  use  of  the  reservoir  area  by  migrant  waterfowl  may  com¬ 
pensate  to  some  extent  the  loss  of  wood  duck  habitat.  However,  the  loss 
of  wood  duck  habitat  is  of  particular  concern  because  it  is  a  rare  bird 
in  North  Dakota.  Since  the  reservoir  is  largely  surrounded  by  woodland 
and/or  steep  slopes,  it  is  doubtful  that  a  substantial  increase  in  breeding 
waterfowl  would  occur,  as  flooded  timber  and  the  surrounding  forest 
lands  would  not  generally  provide  good  waterfowl  nesting  habitat. 

The  reservoir  may  be  an  asset  to  waterfowl  by  providing  temporary  migra¬ 
tion  habitat,  especially  for  diving  ducks.  This  would  not  necessarily 
cause  an  increase  in  population  levels,  however.  Rather,  the  waterfowl 
populations  would  probably  be  merely  redistributed  with  the  Perabilier  birds 
coming  from  other  migration  stop-over  areas. 

4.065  Although  most  of  the  true  woodland  bird  species  would  be  eli¬ 
minated  from  the  area  through  the  loss  of  preferred  habitat,  some  species 
which  frequent  forest-edge  or  water-edge  habitats,  could  increase,  e.g. 
kingbirds,  several  species  of  sparrows  such  as  the  song  sparrow, 
and  several  of  the  warblers,  provided  that  floodwater  storage 
allows  suitable  habitat  to  exist.  It  is  possible  that  birds  using 
a  sparse,  tree-covered  shoreline  may  increase  while  those  requiring 
low,  brushy  growth  would  not  find  suitable  habitat.  Some  "stream- 
side"  species  such  as  the  kingfisher,  bank  swallow  and  rough-winged 
swallow ,  which  make  nest  burrows  in  high  banks ,  should  experience  pop¬ 
ulation  increases  because  erosion  along  the  reservoir  shoreline  should 
provide  the  high  cut  banks  needed  for  nesting  habitat.  The  most  con¬ 
spicuous  population  increases,  however,  should  accrue  to  the  shorebirds 
which  frequent  mud-flat  types  of  habitats. 

4.066  The  ruffed  grouse,  the  primary  upland  game  bird  of  the  area  would 
be  affected  through  a  loss  of  habitat.  The  most  important  mammalian 
game  species  in  the  Pembina  River  watershed,  and  the  one  that  would  be 
most  affected  by  rising  reservoir  waters  if  the  dam  were  built,  is  the 
white-tailed  deer.  Although  loss  of  year-round  deer  habitat  would  occur, 
of  more  significance  would  be  the  loss  of  winter  habitat  for  deer  spend¬ 
ing  the  summers  on  the  surrounding  uplands.  At  least  one  recognized  deer 
"yard"  T'0'„ld  be  adversely  affected  by  the  reservoir.  In  the  case  of  some 
species,  ,u>ch  as  white-tailed  deer,  moose,  lynx,  and  coyotes,  human 
activity  and  habitat  changes  would  create  a  "zone  of  influence,"  having 
negati e  effects,  beyond  the  zone  of  physical  changes  caused  by  the  pro¬ 
ject.  Also,  the  project  would  interrupt  the  movement  of  some  terrestrial 
species  up  and  down  the  valley. 

4.067  The  effects  of  the  reservoir  upon  the  remaining  groups  of  terres¬ 
trial  animals  would  be  similar  to  that  just  discussed.  Larger  vertebrate 
animals  would  leave  the  area,  although  it  is  recognized  that  the  loss  of 
habitat  would  ultimately  cause  a  corresponding  decrease  in  populations. 
Smaller  vertebrates,  including  some  of  the  smaller  species  of  amphibians, 
reptiles  and  mammals,  may  be  caught  on  temporary  islands  within  the  pool 
area  and  be  eliminated.  To  the  extent  that  the  habitat  of  these  various 
species  become  unsuitable  due  to  permanent  or  intermittent  inundation,  the 
population  levels  would  decrease.  The  decrease  would  be  permanent  for 
practical  purposes  for  many  of  these  species.  Certain  other  species  may 
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repopulate  the  area  of  the  flood  storage  pool  after  intermittent  inun¬ 
dation.  Due  to  the  changes  in  habitat,  it  is  certain  that  their  popula¬ 
tion  levels  would  change,  but  the  extent  and  duration  of  change  has  not 
been  determined.  Terrestrial  insects  and  other  invertebrates  inhabiting 
the  area  of  the  proposed  conservation  pool  would  be  replaced  by  aquatic 
representatives  of  those  groups. 

4.0t>8  Endangered  Species  -  As  noted  in  paragraph  2.087,  the  only  endangered 
species  reported  to  occasionally  frequent  in  the  project  area  is  the  eastern 
timber  wolf.  However,  there  are  several  other  species  occasionally 
found  in  the  valley  which  are  rare  on  a  regional  basis;  these  species 
include  the  lynx  and  moose.  Reservoir  construction  and  operation 
would  remove  and  adversely  affect  the  habitat  or  potential  habitat 
for  these  species.  The  present  project  plans  do  provide  for  avoiding 
certain  additional  adverse  effects,  however,  since  the  recreational 
facilities  are  planned  only  for  areas  near  the  dam,  in  part  so  that 
as  great  an  area  as  possible  can  be  preserved  in  an  undisturbed  state. 


4.069  Natural  Areas  -  Several  designated  natural  areas  would  be  affected 
by  the  reservoir;  however,  accurate  assessment  of  effects  must  await 
more  detailed  date  on  location  than  is  presented  in  table  12.  The  Little 
North  Pembina  Gorge  Area,  judging  from  its  description  and  acreage,  would 
be  partially  within  the  flood  pool  limits.  Although  storage  would  back 
up  only  into  about  the  lower  sixth  of  the  Little  North  Pembina  Gorge, 
the  large  designated  acreage  suggests  that  this  lower  area,  and  per¬ 
haps  part  of  the  main  gorge,  is  part  of  the  natural  area  and  would  be 
affected  as  discussed  earlier  under  effects  on  vegetation  and  animal 
resources.  Natural  areas  which  would  be  downstream  of  the  dam  and 
affected  through  partial  foregoing  of  flooding,  as  discussed  earlier, 
are  the  Tetrault  State  Forest,  Foxen  Grove,  St.  Joseph  Woods,  and 
McLarthy  Grove.  From  the  descriptions  of  these  natural  areas  in  table 
12,  it  is  apparent  that  the  project's  affects  would  be  adverse  and 
would  consist  of  reduced  productivity,  loss  of  vigor  and/or  death  of  cer¬ 
tain  vegetational  components,  and  a  change  in  species  composition.  A 
change  in  species  composition  is  of  particular  significance  for  a 
natural  area  since  the  area  would  no  longer  exhibit  the  range  of  con¬ 
ditions  which  qualified  it  for  designation  originally. 

4,070  Wetland  Areas  -  Some  wetland  areas  in  old  oxbows  would  be 
directly  affected  by  inundation  during  reservoir  creation.  Some 
wetlands  downstream  of  the  dam  would  also  be  adversely  affected  as 
noted  earlier.  Of  greater  interest,  however,  is  the  possible  effect 
of  the  project  on  upstream  wetlands.  There  is  a  concern  by  local 
State,  and  Federal  interests  that  providing  some  degree  of  flood 
control  would  allow  upstream  interests  to  drain  wetlands  with  less 
concern  for  the  consequences  on  downstream  landowners.  There  is 
presently  a  moratorium  on  drainage  by  Governmental  bodies  in  the 
basin,  and  there  is  some  concern  that  creation  of  the  reservoir 
would  result  in  lifting  of  the  moratorium.  However,  because  the 
moratorium  does  not  apply  to  private  drainage  and  because  of  a  lack 
of  clarity  in  certain  parts  of  the  law  applying  to  drainage,  wetlands 
in  the  upper  part  of  the  basin  are  presently  being  drained  regardless 
of  the  moratorium.  It  is  not  expected  that  tills  trend  in  wetland  drain¬ 
age  will  continue  at  the  present  rate  for  the  reasons  presented  in 
paragraph  3.008. 
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4.071  General  -  Those  items  considered  in  the  evaluation  of  the  impact 
of  the  proposed  dam  and  reservoir  on  the  geology  of  the  basin  are  as 
follows:  seepage  and  reservoir  leakage  problems,  effect  on  groundwater 
conditions,  downstream  erosion,  reservoir  slope  stability,  effect  on 
mineral  resources,  and  effect  on  unique  geologic  features. 

4.072  Seepage  and  Reservoir  Leakage  -  Seepage  from  a  reservoir  is  gener¬ 
ally  considered  to  involve  the  slow  migration  of  water  through  pervious 
materials  and,  although  it  may  at  times  be  a  nuisance,  is  generally  not 
dangerous.  Some  seepage  is  expected  at  most  reservoirs.  Leakage,  on  the 
other  hand,  implies  the  rapid  loss  of  water  from  a  reservoir  and  is  con¬ 
sidered  potentially  dangerous  or  sufficient  to  render  a  reservoir  in¬ 
efficient  for  storing  water.  Both  types  of  water  loss  may  be  caused 
by  an  inadequate  embankment  design,  buried  channels,  fissured  rock  at 
abutments  or  narrow  divides,  or  pervious  reservoir  walls  and  floors 
combined  with  a  low  regional  water  table.  Seepage  is  expected  at  the 
abutments  of  the  proposed  Pembilier  embankment  and  must  be  accounted 
for  in  the  embankment  design.  The  reservoir  would  be  set  in  the  im¬ 
pervious  Carlile  Formation  so  that  a  water  loss  through  the  valley 
walls  and  floor  is  not  considered  a  problem.  No  elements  at  the  site 
have  been  discovered  which  would  indicate  that  water  loss  from  the 
reservoir  would  be  a  problem. 

4.073  Effect  on  Groundwater  Conditions  -  The  general  geology  of  the 
area  suggests  that  the  portion  of  the  river  valley  in  which  water  would 
be  impounded  is  neutral  in  the  groundwater  system.  This  means  that  the 
impervious  shales  of  the  valley  walls  act  as  barriers  to  the  migration 
of  water.  They  would,  therefore,  merely  act  as  a  container  for  a  reser¬ 
voir  and  not  allow  the  effects  of  a  raised  water  level  in  the  river 
valley  to  be  transmitted  away  from  the  immediate  vicinity  of  the  valley. 

4.074  An  impervious  cutoff  under  the  proposed  embankment  would  retard 
the  downstream  migration  of  water  through  the  sediments  underlying  the 
floodplain  at  the  embankment.  Due  to  the  thin  and  narrow  cross-sectional 
area  of  pervious  soils  at  the  dam,  it  is  not  likely  that  any  significant 
amount  of  water  passes  through  the  soils  to  recharge  downstream  aquifers. 
Robbing  downstream  aquifers  in  the  Pembina  River  Valley  of  discernible 
recharge  is  therefore  not  considered  a  problem. 

4.075  Downstream  Erosion  -  Erosion  of  channel  banks  downstream  from  a 
reservoir  due  to  the  increased  erosive  potential  of  the  water,  from  which 
the  normal  load  has  been  removed,  is  recognized  as  a  potential  problem. 
Increased  control  of  discharges  and  elimination  of ' seasonally  excessive 
flows  should,  however,  offset  the  problem  to  a  great  extent. 


4.076  Reservoir  Slope  Stability  -  The  stability  of  the  slopes  bordering 
the  reservoir  is  recognized  as  a  problem.  It  has  been  suggested  that 
landsliding  along  the  reservoir  would  be  of  such  a  magnitude  ,  ■  at  the 
reservoir  would  be  filled  with  debris  to  the  extent  it  would  be  ineffective 
for  flood  control  and  that  the  valley  walls  would  be  badly  scarred. 

A  preliminary  study  of  the  problem  was  made  by  the  Corps  and  was  addressed 
to  a  determination  of  the  magnitude  of  the  problem  rather  than  identification 
of  specific  problem  areas.  The  conclusions  derived  from  the  study  are  as 
follows : 

Some  slope  failures  along  the  reservoir  after  inundation  are 
expected,  but  they  would  have  no  more  than  a  nuisance  effect 
on  the  operation  or  efficiency  of  the  reservoir.  The  types 
of  slides  expected  are  shallow  slumps  and  debris  slides  which 
would  leave  scars  on  the  landscape.  Massive  slides  that  would 
be  considered  hazardous  to  the  embankment,  boaters  or  persons 
on  the  shoreline  are  considered  extremely  improbable. 

4.077  Effect  on  Mineral  Deposits  -  The  reservoir  would  not  inundate 
any  known  economic  mineral  deposit.  The  only  resource  with  any 
economic  potential  that  would  be  flooded  by  the  reservoir  is  part  of 
the  Carlile  Formation  which  was  once  used  as  a  source  of  clay  for  bricks. 

The  probability  of  renewed  extraction  of  this  material  for  any  purpose 
is  so  low  that  its  inundation  cannot  be  considered  an  adverse  effect. 

4.078  The  construction  of  the  dam  would  not  deplete  mineral  resources 
in  the  basin.  Earth  fill  for  the  embankment  is  locally  abundant. 

Based  on  present  criteria,  local  aggregates  could  not  be  used  for  con¬ 
crete;  therefore,  all  materials  for  concrete  would  be  obtained  outside 
of  the  basin.  It  is  anticipated  that  rock  for  stone  protection  would 
be  obtained  outside  of  the  basin;  however,  some  fieldstone  piles  west 
of  the  damsite  may  be  used  resulting  in  a  reduction  of  the  number  of 
piles  present  in  that  area. 

4.079  Unique  Geologic  Features  -  The  conservation  pool  would  permanently 
inundate  the  valley  to  elevation  1010  and  would  cover  a  portion  of  the 
Carlile  Formation,  the  oldest  exposed  bedrock  in  the  State.  Information 
obtained  from  the  North  Dakota  State  Geological  Survey  placed  the  top  of 
the  Carlile  Formation  at  1100.  Based  on  this  information,  a  significant 
portion  of  the  Formation  would  remain  exposed  and,  in  this  regard,  the 
unique  character  of  the  valley  would  be  retained. 

SOCIAL  IMPACTS 

4.080  During  the  past  years,  conflicts  between  Canadian  and  American 
floodplain  residents  have  arisen  over  attempts  by  residents  of  both 
countries  to  reduce  flood  damages  to  their  own  interests.  The  serious¬ 
ness  of  the  confrontations  are  generally  related  to  the  severity  of  the 
floods.  The  conflicts  have  surfaced  because  of  levees  constructed  on 
both  sides  of  the  Pembina  River  and  along  the  Canadian  side  of  the  Inter¬ 
national  Boundary  which  prevent  overflow  drainage  of  floodwaters  and 
prolong  zhe  period  of  inundation  and  increase  the  damage  sustained  by 
the  North  Dakota  residents.  This  is  the  situation  as  it  now  stands. 
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During  an  earlier  time,  land  use  and  meteorological  conditions 
apparently  did  not  result  in  levels  of  flood  damages  wliich  were  of 
sufficient  concern  to  prompt  extensive  structural  controls  in  the 
watershed.  In  recent  years,  changing  flooding  regimes  have  prompted 
basin  interests  to  undertake  structural  controls  which  largely  protect 
their  own  interests  but  which  also  led  to  adverse  effects  in  other  areas. 

The  "overflow  drainage"  is  therefore  a  relative  term,  is  somewhat  specula¬ 
tive,  and  is  meant  to  apply  to  the  period  before  levee  construction  along 
the  Pembina  River  and  the  international  border.  The  proposed  reservoir 
would  contribute  significantly  to  a  reduction  of  these  border  disputes  to 
the  advantage  of  area  residents  of  both  countries. 

4.081  The  extent  of  economic  losses  suffered  by  urban  communities  in 
the  floodplain  is  minor  in  relation  to  agricultural  losses.  However, 
the  relatively  frequent  occurrence  of  large  floods  in  recent  years  has 
resulted  in  increased  concern  of  urban  residents,  particularly  at  Neche. 

4.082  Construction  of  the  reservoir  would  require  the  purchase  of  about 
5,800  acres  of  land  in  the  river  valleys  upstream  of  Walhalla  for  flood 
control  and  an  additional  13,200  acres  for  wildlife  mitigation.  In 
addition,  2  farmsteads  within  this  area  would  be  acquired.  Acquisi¬ 
tion  of  project  lands  would  be  made  in  accordance  with  provisions  of 
Public  Law  91-646,  the  Uniform  Relocation  Assistance  and  Real 
Property  Acquisition  Policies  Act  of  1970.  Residents  forced 
to. sell  their  property  would  be  compensated  at  appraised  full  market 
value  and  would  receive  additional  compensation  for  moving  and  related 
expenses.  Relocation  would  be  considered  an  adverse  impact  of  the 
project  as  it  would  represent  a  hardship.  Relocation  would  sever  long¬ 
standing  social  ties  while  areas  of  possible  relocation  would  probably 
not  have  the  same  amount  of  intangible  qualities ,  such  as  general  setting 
and  scenic  view,  as  present  sites.  In  order  to  provide  flood  protection 
to  a  major  sector  of  the  public,  a  small  sector,  i.e.  those  subjected 
to  relocation  and/or  acquisition  of  their  lands,  would  be  forced  to  assume 
the  major  portion  of  the  adverse  social  impacts. 

4.083  With  increased  flood  protection  downstream,  some  changes  in  land 
use  and/or  intensity  of  use  would  be  anticipated.  These  changes  could 
result  from  more  intensive  agricultural  utilization  of  existing  crop 
lands  and  development  of  lands  that  previously  proved  uneconomical  for 
agricultural  uses.  Sectors  of  the  economy,  other  than  agriculture, 
would  also  be  stimulated  due  to  a  reduction  of  flood  frequencies  and 
the  prospect  of  a  more  dependable  water  supply.  These  secondary,  or 
induced,  benefits  would  have  undefined  social,  economic,  and  ecological 
impacts  associated  with  them. 

4.084  Current  and  foreseeable  conditions  in  the  Pembina  basin,  east  of 
the  escarpment,  indicate  that  existing  water  supplies  would  be  sufficient 
to  meet  the  needs  of  Walhalla  and  Pembina  but  not  for  Neche.  With 
the  current  and  future  commitments  of  the  Neche  water  treatment  facilities, 
i.e.  the  Canadian  towns  of  Gretna  and  Altona  and  rural  areas,  an  unsatisfied 
need  exists  for  a  larger  and  more  dependable  water  supply.  Inclusion  of 
water  supply  storage  in  the  proposed  reservoir  would  eliminate  the  need 
to  develop  an  alternate  water  source.  In  addition  to  direct  social  and 
economic  benefits  associated  with  a  more  dependable  water  supply,  secondary 
impacts  would  occur  from  future  economic  development  that  was  stimulated 
due  to  the  assurance  of  an  adequate  water  supply. 
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4.085  The  proposed  Pembilier  Dam  would  provide  protection  from  a  flood 
with  a  recurrence  frequency  of  about  once  every  36  years  and  would  re¬ 
define  the  floodplain  area  for  the  larger,  less  frequent  flood  events 
The  protection  afforded  would  result  in  a  reduction  in  anxiety  and 
misery  of  floodplain  residents  and  would  produce  a  considerable  economic 
gain  to  floodplain  enterprises  (mainly  agriculture)  through  a  reduction 
of  damages  resulting  from  frequent  floods.  Social  and  economic  benefits 
would  also  accrue,  but  to  a  lesser  extent,  to  areas  along  the  Red  River 
of  the  North  downstream  from  its  confluence  with  the  Pembina  River. 

Reduced  expenditures  for  repair  of  flood-induced  damages  to  roads  and 
bridges  would  benefit  county  taxpayers. 

4.086  Recreational  utilization  of  the  permanent  impoundment  behind  the 
proposed  dam  would  contribute  to  the  social  well-being  of  area  residents. 
Preliminary  evaluation  of  the  potential  trophic  condition  of  the  impound¬ 
ment  has,  however,  created  doubts  whether  the  lake  would  be  capaDle  of  sup¬ 
porting  high  quality  water  contact  recreation.  These  doubts  are  based  on 
a  preliminary  examination  of  water  quality  parameters  which  indicate  that 
the  potential  for  a  highly  eutrophic  situation  exists.  As  a  result,  the 
quality  of  the  fishery  would  depend  upon  natural  conditions,  and  to  some 
degree  the  selected  reservoir  operating  plan.  It  would  be  expected  that 
after  a  few  years  the  trophic  status  of  the  lake  would  result  in  nuisance 
growths  of  algae  and  rooted  aquatic  vegetation  and  a  fishery  composed  of 
"rough"  fish  and  stunted  game  fish.  When  such  conditions  begin  to  occur 
it  would  be  expected  that  local  pressure  groups  would  attempt  to  obtain 
governmental  assistance  for  some  form  of  lake  rehabilitation.  Such  events 
would  result  in  a  new  series  of  social  problems.  It  should  be  noted, 
however,  that  lake  rehabilitation  projects  dealing  with  non-point  problems 
generally  fail  to  achieve  their  desired  goals. 

4.087  Impact  of  Project  on  Existing  Recreation  -  The  impact  resulting 
from  creation  of  Pembilier  Lake  on  the  existing  recreational  utilization 
of  the  project  area  would  not  be  large.  This  is  due  to  the  fact  that  the 
types  of  recreation  activities  presently  performed  along  the  Pembina  River 
would  generally  also  be  performed  at  Pembilier  Lake  (including  fishing, 
hunting,  sight-seeing,  etc.).  However,  there  would  be  a  change  due  to  the 
project's  inducing  generally  greater  recreational  participation  in  the 
project  area  and  due  to  a  shift  among  the  types  of  recreation,  e.g.  the  area 
available  for  upland  game  hunting  would  be  reduced  while  the  impact  on 
existing  water-based  recreation  would  be  minimal  due  to  existing  low  levels 
of  participation  and  opportunity  for  this  type  of  activity  in  the  project 
area. 

4.088  Impact  of  Recreation  Development  on  Lands  -  Impacts  to  the  land 
would  be  minimized  through  a  conscious  effort  to  eliminate  adverse  effects 
of  recreational  development  on  the  land  and  water.  This  would  include  the 
preservation  of  existing  native  vegetation  wherever  possible,  the  utiliza¬ 
tion  of  stringent  design  standards  for  sewage  disposal,  and  the  development 
of  optimal  facilities  not  exceeding  the  carrying  capacity  of  the  site. 
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4.089  Project  Impact  on  Cultural  Resources  -  As  9tated  in  section  2, 
one  property  on  the  National  Register  of  Historic  Places  is  located  in 
the  general  project  area,  the  Gingras  House  and  Trading  Post.  It  is  un¬ 
likely  that  this  site  or  any  other  historic  sites  would  be  affected  by 
the  project.  However,  should  any  information  to  the  contrary  come  to  our 
attention,  compliance  with  all  relevant  regulations  would  continue. 
Coordination  has  been  initiated  with  the  National  Park  Service,  the  North 
Dakota  Historical  Society,  and  the  North  Dakota  State  Archaeologist 
(exhibit  14)  to  insure  compliance  with  section  106  of  the  National 
Historic  Preservation  Act  of  1966  in  accordance  with  procedures  of  the 
Advisory  Council  on  Historic  Preservation  and  Executive  Order  11593, 
"Protection  and  Enhancement  of  the  Cultural  Environment." 

4.090  A  reconnaissance  of  the  project  area  has  indicated  that  at  least 
19  lithic  archaeological  sites  are  present  and  would  be  inundated  or  other¬ 
wise  adversely  affected  by  the  project.  A  complete  survey  of  the  area  of 
project  influence  would  be  undertaken  before  construction  begins  and  sal¬ 
vage  operations  would  be  conducted  if  necessary.  If  additional  archaeo¬ 
logical  sites  were  discovered  during  construction,  work  would  be  halted 
until  a  professional  archeologist  could  inspect  the  sites.  The  proposed 
project  would  affect  no  other  known  federally  or  non-federally  owned 
districts,  structures,  or  objects  of  historical,  architectural,  or  cul¬ 
tural  significance. 


4.091  Although  salvage  of  archaeological  sites  in  the  project  area  would 
increase  man's  knowledge  of  the  prehistory  of  the  valley  and  thus  be  of 
some  benefit,  the  net  result  of  salvage  would  be  decidedly  adverse  for 
several  reasons.  Due  to  time  constraints,  those  sites  which  are  salvaged 
may  be  hastily  and  incompletely  excavated  and  hence  some  of  the  data 
collected  and  the  resultant  interpretation  must  suffer.  In  addition, 
salvage  in  lieu  of  preservation  is  not  recommended  as  it  is  expected  that 
excavation  techniques  will  improve.  Salvage  does  not  allow  the  opportunity 
to  return  to  a  site  In  the  future  to  gather  additional  data  or  use  refined 
techniques  as  they  become  available.  A  less  than  desirable  aspect  of 
salvage  is  that  gathering  of  field  data  can  be  done  only  once.  If  the  area 
is  inundated,  the  opportunity  will  be  foregone  to  thoughtfully  investigate 
the  complex  of  sites  in  the  project  area.  Lastly,  the  survey  program  would 
sample  but  part  of  the  area,  and  some  archaeological  sites  could  escape 
detection.  While  it  is  true  that  the  salvage  program  would  uncover  some 
of  the  significance  of  the  Pembina  River  Valley  prehistory,  some  knowledge 
would  necessarily  be  lost.  However,  preservation  is  preferred  to  salvage 
excavation  while  salvage  is  preferable  to  the  destruction  of  a  site  without 
adequate  research  being  done. 
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5.000  PROBABLE  ADVERSE  ENVIRONMENTAL  EFFECTS  WHICH  CANNOT  BE  AVOIDED 


5.001  General  -  Temporary  and  unavoidable  adverse  impacts  include  dust 
and  siltation  of  the  river  as  well  as  noise  and  unsightliness  generated 
by  construction  activities  of  the  project.  Specific  long-term  adverse 
impacts  relate  to  the  elimination  of  valley  vegetation,  cropland, 
wildlife,  9.5  miles  of  free  flowing  river,  and  to  the  creation  of 
a  lake  with  potential  water  quality  problems.  Certain 
impacts,  if  not  permanent,  can  be  considered  prolonged  for  the  life  of 
the  project.  The  previous  section  of  this  document  noted  the  uncertainty 
surrounding  the  nature  of  many  impacts;  some  of  these  would  ultimately 
prove  to  be  adverse. 

5.002  Aquatic  Resources  -  Approximately  9.5  miles  of  free  flowing  stream 
would  be  supplanted  by  the  conservation  pool  of  the  proposed  reservoir. 

The  existing  aquatic  environment  in  this  area  would  be  subjected  to  an 
abrupt  vertical  and  horizontal  expansion,  with  associated  changes  in 
physical  and  chemical  parameters,  all  to  the  detriment  the  stream  system 
within  that  reach. 

5.003  Preliminary  estimates  of  the  trophic  status  of  the  proposed  reser¬ 
voir,  based  on  existing  stream  water  quality  data,  indicate  that  the  lake 
would  be  eutrophic.  The  reservoir  would  probably  exhibit  thermal  strati¬ 
fication  and  would  experience  problems  associated  with  oxygen  depletion 
in  the  hypolimnion.  Nutrient  concentrations  in  the  reservoir  would  be 
conducive  to  the  production  of  large  numbers  of  blue-green  algae.  Die-offs 
following  periods  of  algal  "blooms"  could  potentially  create  serious  problems 
for  recreationists,  as  well  as  fish  populations,  due  to  offensive  odors 
associated  with  the  accumulation  of  decaying  plant  material,  release  of 
toxic  substances,  and  depletion  of  dissolved  oxygen.  The  potential  for 
the  production  of  aquatic  macrophytes  would  also  be  great.  Extensive  "weed" 
beds  would  contribute  to  stunting  of  fish  populations  in  the  lake  and  would 
limit  angler  access  in  some  areas  of  the  lake. 

5.004  The  dam  would  restrict  or  eliminate  normal  upstream  and  downstream 
movements  of  fish  and  other  aquatic  organisms.  The  quality  of  the  waters 
discharged  from  the  reservoir  would  impact  on  downstream  aquatic  systems. 

The  magnitude  and  direction  of  the  impacts  would  depend  upon  the  quality 
and  quantity  of  the  discharge  waters. 

5.005  Vegetation  -  Approximately  800  acres  of  unique  river  valley;  of 
which  about  365  acres  are  wooded,  would  be  destroyed  due  to  permanent 
innundation.  This  would  bring  about  the  elimination  of  the  current  eco¬ 
logical  balance  between  the  vegetation  and  other  physical  and  biological 
systems.  Adverse  impacts  extend  to  the  imposition  of  unnatural  changes 
in  species  diversity  and  hence  community  stability.  These  disruptions 
of  communities  would  not  be  limited  to  the  perimeter  of  the  reservoir 
alone  but  would  extend  downstream,  upstream  and  landward  from  the  reser¬ 
voir  for  varying  distances. 
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5.006  Plant  communities  not  generally  subject  to  flooding  would  be 
periodically  submerged  within  the  design  flood  pool  up  to  an  elevation 
of  approximately  1080.  The  adverse  impacts  associated  with  periodic 
inundation  would  be  proportional  to  the  timing  and  duration  of  submergence. 

In  general,  a  decline  in  the  herbaceous  and  shrubby  species  below  the 
upper  level  of  the  flood  pool  would  be  expected.  Changes  in  the  patterns 
of  slope  vegetation  would  occur  as  floodplain  species  bee  jne  established 
in  areas  not  normally  suitable  for  hydric  species.  Upland  timber  may  be 
adversely  affected  by  minor  changes  in  the  groundwater  levels.  As  downstream 
areas  are  deprived  of  periodic  inundation,  productivity  and  numbers  of 
wet-adapted  plant  species  would  decrease  and  they  would  be  replaced  by  those 
that  are  adapted  to  a  drier  environment. 

5.007  Animals  -  Adverse  impacts  would  extend  to  disruptions 
of  current  community  stability  through  the  elimination  of  animal  species 
requiring  the  terrestrial  habitat  (food  and  cover)  provided  within  the 
river  valley.  Animals  experiencing  the  greatest  population  losses 
would  be  white-tailed  deer,  ruffed  grouse,  fur  bearers  such  as  beaver, 
and  numerous  bird  species  that  utilize  the  area  as  breeding  habitat. 

While  immediate  losses  would  occur  within  the  area  of  the  permanent  pool, 
adjacent  flood-pool  areas  would  experience  losses  related  to  the  frequency, 
timing,  and  duration  of  periodic  flood  storage.  In  the  case  of  some  species, 
such  as  white-tailed  deer,  moose,  lynx,  and  coyotes,  human  activity  and 
habitat  changes  would  create  a  "zone  of  influence,"  having  negative  effects, 
beyond  the  zone  of  physical  changes  caused  by  the  project.  Also,  the  pro¬ 
ject  would  interrupt  the  movement  of  some  terrestrial  species  up  and  down 
the  valley. 

5.008  Recreation  -  Elimination  of  a  scenic  section  of  a  free  flowing 
river  and  alteration  of  additional  upstream  areas  would  represent  an 
adverse  impact  to  active  forms  of  recreation,  such  as  fishing  and 
canoeing,  and  to  passive  recreation  pursuits.  Current  active  recrea¬ 
tion  utilization  of  the  river  is,  however,  limited  because  of  low  flow 
conditions  during  the  summer.  The  quality  of  the  upland  game  hunting 
experience  would  be  adversely  affected  as  reservoir  encroachment  into 
wildlife  habitat  and  use  of  the  recreational  facilities  would  discourage 
wildlife  utilization  of  those  areas. 

5.009  Deteriorating  water  quality  and  excessive  plant  production  within 
the  reservoir  would  adversely  impact  on  the  recreational  utillzaf,',n  of 
the  lake.  The  decline  in  the  quality  of  the  lake  fishery  would  als«. 
constitute  a  negative  impact  on  lake-oriented  recreation. 

5.010  Social  Effects  -  The  project  would  require  that  some  lands  presently 
used  for  agriculture  be  converted  to  flood  damage  reduction  purposes. 

This  would  constitute  an  adverse  impact  to  those  so  affected  and  a  corre¬ 
sponding  adverse  economic  impact.  Purchase  and  relocation  of  two  farms 
within  the  floodpool  area  would  also  constitute  an  adverse  effect  even  though 
compensation  of  economic  resources  would  be  based  on  a  fair  market  appraisal. 
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b.000  ALTERNATIVES  TO  THE  PROPOSED  ACTION 

o.oOl  Eormulation  was  undertaken  to  develop  an  overall  plan  which 
wihi Id  provide  the  best  uses,  or  combination  of  uses,  of  water  and 
related  land  resources  to  meet  the  identified  needs  of  the  Pembina 
River  basin.  The  formulation  process  therefore  involved  identification 
and  development  of  alternative  measures,  evaluation  and  comparisons 
oi  alternative  plans,  and  the  selection  of  an  overall  piam 


b . 00 2  A  set  of  planning  objectives  was  used  as  a  general  guideline 
for  the  formulation  process.  Components  of  the  planning  objectives 
arc  identified  as  they  apply  to  the  two  national  objectives  of 
national  economic  development  and  environmental  quality.  This  is 
done  through  an  analysis  of  the  various  problems,  needs,  concerns, 
and  opportunities  within  the  basin  area.  The  following  is  a  list  of 
the  planning  objectives  used  in  this  study: 

a.  Provide  protection  from  and  prevention,  reduction  or  com¬ 
pensation  of  flood  losses  for  the  flood  prone  areas  of  the  basin. 

b.  Development  of  any  plan  should  preserve  to  the  maximum  ex¬ 
tent  possible  the  quality  of  the  existing  riverine  environment,  en¬ 
hance  the  environmental  and/or  recreational  potential  of  that  environ¬ 
ment  where  possible,  or  provide  reasonable  compensatory  measures  for 
losses  incurred. 

c.  Identify  the  water  supply  needs  and  plans  for  providing  a 
future  source  for  water  supply  in  the  basin. 

b . DOT  in  addition  to  the  above  objectives,  various  indirect  social 
j "dives  guide  development  of  the  plan  within  the  formulation  pro¬ 
cess.  For  this  study  the  indirect  social  objectives  include: 

a.  Developing  a  plan  which  is  responsive  to  the  local  people’s 
desires  and  needs  and  which  is  acceptable  to  the  local  sponsor. 

b.  Enhancing  the  social  well-being  of  the  basin,  which  includes 
local  interests  on  both  sides  of  the  International  Border. 

b.004  Alternatives  are  developed  by  considering  the  list  of  planning  objectives. 
Since  this  list  serves  as  a  guideline,  the  alternatives  developed 
must  be  capable  of  satisfying  at  least  some  or  all  of  the  objectives, 
i l  is  important  to  note  that  the  alternatives  developed  should  be 
realistic  and  not  so  remote  as  to  be  purely  speculative. 

ft. 005  The  various  impacts  of  the  alternatives  developed  are  identified 
by  comparing  the  existing  or  base  condition  without  any  alternative 
to  tli.it  of  the  estimated  condition  with  an  alternative.  For  this 
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study  the  base  condition  is  defined  as  one  of  floodplain  regulation 
coupled  with  flood  insurance.  For  the  analysis  and  comparison  of 
alternatives  and  for  eventual  selection  of  the  basic  plans,,  a  standard 
set  of  criteria  is  used  to  compare  the  alternative  considered  with 
the  base  condition.  Criteria  were  considered  under  the  major  cata- 
gories  listed  below: 

a.  Technical 

b.  Economic 

c.  Environmental 

6.006  Technical  criteria  consist  of  appropriate  engineering  standards, 
regulations,  and  guidelines.  Since  such  a  list  would  be  extensive, 
it  is  not  included. 

6.007  Economic  criteria  consist  of  identifying  and  comparing  benefits 
and  costs  of  an  alternative.  Generally,  tangible  economic  benefits 
of  a  selected  plan  must  exceed  costs;  however,  in  certain  instances, 
consideration  of  appropriate  gains  in  environmental  quality,  social 
well-being,  and  regional  development  could  reverse  this  condition 
and  result  in  a  plan  with  a  benefit-coat  ratio  of  less  than  one  being 
authorized.  Annual  costs  and  benefits  are  Dased  on  an  interest  rate  of  6  1/8 
percent  and  price  levels  and  conditions  existing  in  October  1975.  A 
100-year  amortization  schedule  was  used  for  all  features  considered. 

6.008  Environmental  and  other  considerations  call  for  the  selected 
plan  to  minimize  any  objectionable  or  adverse  environmental  effects 
and  to  maximize  environmental  benefits  prior  to,  during,  and  following 
construction.  Also,  consideration  will  be  given  to  plan  modifications 
based  on  coordination  with  State  and  Federal  agencies,  the  citizens 
advisory  committee,  and  other  interested  local  citizens.  The  public’s 
acceptance  of  the  proposed  plan  and  its  ability  and  willingness  to  meet  local 
cooperation  requirements  are  essential  considerations. 

6.009  The  most  important  water  resource  needs  of  the  basin  were 
identified  as  primarily  flood  control,  and  secondarily  water  supply. 

Possible  solutions  to  satisfy  these  needs  are  evaluated  in  the  follow¬ 
ing  paragraphs. 

6.010  Solutions  considered  to  meet  the  flood  damage  reduction  needs 
of  the  basin  were  classified  as  either  nonstructural  or  structural. 

Each  alternative  in  these  classes  was  compared  against  the  base  con¬ 
dition  using  the  criteria  previously  mentioned. 

6.011  Based  on  the  effectiveness  of  the  existing  water  supplies  in 
satisfying  the  water  needs,  and  the  possibility  of  a  potential  in¬ 
crease  in  the  water  use  of  the  basin,  supplemental  or  alternative 
sources  of  water  supply  will  be  needed.  Potential  water  supply  al¬ 
ternatives  for  the  basin  include  both  surface  and  groundwater  sources. 
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t>.0l2  Various  nonstructural  and  structural  measures  could  reduce  the 
potential  for  flood  damage  in  the  Pembina  River  basin.  Nonstructural 
a  i  I  rni;it  ives  include:  base  condition  (assuming  floodplain  regulation 
.uni  tlood  insurance);  flood  warning  and  forecasting  services  and 
i  :-n  rgency  protection;  and  permanent  floodplain  evacuation  and  flood 
proofing.  Structural  alternatives  include:  multiple-purpose  reser¬ 
voirs,  a  "dry"  dam,  iloodways,  channel  modifications,  levees,  and 
■virions  combinations  o'  these.  In  this  study,  14  alternative  measures 
: or  alleviating  flood  damages  in  the  Pembina  River  basin  were  considered. 
Y he se  measures  and  a  brief  synopsis  of  the  related  economic,  biological, 
and  social  impacts  are  discussed  in  following  paragraphs. 

fi.Ol')  Since  Federal  and  State  laws  and  regulations  pertaining  to  many 
const  rue.  rural  measures  are  based  upon  the  intermediate  regional  flood, 
this  l loud  frequency  is  used  in  discussing  nonstructural  alternatives. 

The  nonstructural  alternatives  primarily  provide  for  reductions  in 
; i ood  damages  to  buildings,  ancillary  facilities,  and  contents.  The 
structural  alternatives  provide  for  reduction  of  flood  damages  prin¬ 
cipally  to  agriculturally-related  flood  problems.  Since  the  interme¬ 
diate  regional  flood  is  not  a  practical  flood  to  consider  when  dealing 
with  agricultural  flood  problems  and  "level  of  protection"  is  not 
.,<i  constrained  by  existing  laws  and  regulations,  the  structural  alter- 
nat  ives  were  evaluated  at  levels  of  development  where  the  optimum  de¬ 
cree  of  flood  protaction  would  be  lower  and  as  could  be  provided  with 
each  particular  alternative.  These  various  plans  represent  the  most 
practical  level  of  development  for  each  alternative  and  recognize  that 
tin*  degree  of  flood  protection  provided  by  each  would  be  different. 

iN  STRUCTURAL  ALTERNATIVES 
Y  !  Y.-  ATIVi:  1:  BASE  CONDITION  (NO  ACTION) 

c> .  0 1 A  The  base  condition  consists  of  floodplain  regulation  and  flood 
insurance,  as  currently  required  by  Federal  policies  and  encouraged 

the  State  of  North  Dakota.  Floodplain  regulation  consists  primarily 
: •  regulating  new  development  or  redevelopment  in  existing  floodplain 
areas,  thus  preventing  or  reducing  future  flood  damages.  Flood  in- 
■iirance  by  itself  does  not  prevent  or  reduce  flood  damages,  but  does 
assist  in  reimbursing  affected  property  owners  of  existing  development 
for  losses  sustained  from  flooding.  Flood  insurance  affords  the  in¬ 
dividual  affected  some  economic  protection  from  flood  loss  by  spreading 
his  losses  over  a  larger  portion  of  the  population  and/or  over  several 
■'car  s . 


0.015  The  State  of  North  Dakota  encourages  flood  prone  local  govern¬ 
mental  units  to  adopt,  enforce,  and  administer  sound  floodplain  manage¬ 
ment  ordinances  in  their  respective  jurisdictions  whenever  sufficient 
technical  information  is  available  for  delineation  of  floodplains  and 
iloodways  on  their  watercourses.  Based  only  on  preliminary  technical 


information  (flood  hazard  boundary  map),  the  city  of  Neche  and  town¬ 
ships  in  Pembina  and  Cavalier  Counties  have  adopted,  or  will  adopt, 
resolutions  controlling  land  use.  Currently,  there  are  some  problems 
over  which  governmental  bodies  in  North  Dakota  will  assume  the  respon¬ 
sibility  of  administering  rural  floodplain  regulations;  however,  per¬ 
sons  living  in  floodprone  rural  areas  will  soon  be  eligible  to  par¬ 
ticipate  in  the  flood  insurance  program. 

6.016  The  deadline  for  a  local  unit  of  government  to  participate  in 
the  flood  insurance  program  is  1  July  1975  or  1  year  after  the  date  of 
issuance  of  the  flood  hazard  boundary  map,  whichever  is  later.  These 
resolutions  controlling  land  use  are  only  temporary,  but  will  remain 
in  effect  until  a  flood  insurance  rate  study  is  completed.  Once 
this  is  accomplished,  permanent  land  use  controls  must  be  adopted  by 
the  community  within  6  months.  Individual  properties  in  violation  of  these 
permanent  land  use  controls  will  not  be  eligible  for  subsidized  coverage 
under  the  flood  insurance  program.  For  structures  already  existing 
in  the  floodplain,  a  high  percentage  of  the  flood  insurance  premium  is 
paid  by  the  Federal  Government.  When  necessary  engineering  data  be¬ 
come  available,  actuarial  rates  are  established,  and  new  structures 
would  be  insured  at  the  actuarial  rates.  Coverage  can  also  be  ob¬ 
tained  on  contents  of  the  buildings,  and  higher  coverage  than  pre¬ 
scribed  by  regulation  1j  available  at  actuarial  rates.  Current  pre¬ 
scribed  limitations  for  subsidized  flood  insurance  coverages  are 
$35,000  for  single  family  residential,  $100,000  for  raultifamily  residen¬ 
tial,  $100,000  for  non-residential,  $10,000  for  residential  contents, 
and  $100,000  for  non-residential  contents.  Unsubsidized  crop  insurance 
is  also  available  under  the  U.S.  Department  of  Agriculture  Federal 
Crop  Insurance  Program  which  covers  all  natural  disasters  including 
floods. 

6.017  In  the  future,  under  floodplain  regulations,  the  existing  flood 
prone  developments  would  be  considered  nonconforming  uses  which  would 
be  eliminated  or  upgraded  over  a  period  of  years;  however,  this  pro¬ 
cess  would  be  a  protracted  one.  Although  it  remains  a  decision  of 
property  owners  whether  to  participate  in  the  flood  insurance  program, 
owners  located  in  the  flood  hazard  areas  must  obtain  flood  insurance 
coverage  to  qualify  for  mortgage  or  home  improvement  loans  or  disaster 
assistance  loans.  Over  a  long  period  of  time  virtually  all  homes  and 
businesses  subject  to  flood  damage  will  be  covered  as  properties  change 
hands.  Because  flood  prone  home  and  business  owners  can,  by  purchasing 
flood  insurance,  obtain  home  improvement  loans,  and  because  residential 
and  business  contents  values  can  be  expected  to  increase,  flood  damages 

due  to  large  floods  are  expected  to  increase  even  with  floodplain  retalia¬ 
tions  in  effect. 

6.018  The  Flood  Disaster  Protection  Act  of  1973  (Public  Law  93-234)  re¬ 
quires  that  the  local  unit  of  government  adopt  adequate  floodplain  re¬ 
gulations  with  effective  enforcement  consistent  with  Federal  standards 
before  Federal  or  federally-related  financial  assistance  is  available 
for  any  building  located  in  a  flood  hazard  area.  The  two  areas  of 
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thrust  of  the  regulations  would  be:  CD  preventing  backwater  effects 
of  more  than  0.5  foot  during  a  one  percent  flood,  assuming  other  en- 
croacliments  in  the  floodplain  (the  floodway  would  not  be  designated  for 
rural  areas,  but  rather  the  evaluation  would  be  on  a  case  by  case 
asis ) ;  and  (2)  preventirg  dauages  to  new  structures  by,  lot  example, 
requiring  construction  to  be  on  sites  raised  above  the  level  of  the 
one  percent  flood. 

6.019  Floodplain  regulation  measures  include  zoning  regulations,  sub¬ 
division  regulations,  building  codes  and  bridge  construction  regula¬ 
tions. 

6.020  One  of  the  major  problems  with  this  alternative  is  a  general  un¬ 
willingness  of  property  owners  to  participate  in  the  program.  In 
the  project  area, only  a  few  residents  seem  to  be  taking  advantage  of 
the  available  insurance  program.  The  lack  of  acceptance  is  due  to 
differences  between  State  and  Federal  laws  and  to  the  nature  and 
intent  of  the  program.  The  payment  of  insurance  premiums  would  in  many 
cases  be  prohibitively  expensive.  The  intent  of  the  actuarial  rates 
is  to  internalize  the  economic  risk  of  floodplain  development,  that  is, 
make  those  who  develop  in  the  floodplain  pay  the  full  costs  of  that 
development  (instead  of  having  Federal  subsidies  through  some  other 
type  of  program  such  as  disaster  assistance  or  structural  flood  damage 
reduction).  In  order  to  participate  in  the  program,  the  local  unit 
of  government  must  adopt  appropriate  floodplain  regulations.  Actuarial 
rates  for  new  structures  damageable  by  a  one  percent  flood  would  theo¬ 
retically  not  be  applicable,  then,  since  the  regulations  should  pre¬ 
vent  such  construction.  Incentive  for  participation  in  the  program 
when  constructing  new  structures  is  strong  since  flood  insurance  is 
required  for  Federal  or  federally-related  financial  assistance  for  any 
building  located  in  areas  identified  by  the  Department  of  Housing  and 
Urban  Development  (HUD)  as  having  special  flood  hazards  (i.e.in  areas 
on  a  HUD  flood  hazard  map  or,  when  engineering  data  are  available  for 
delineation,  within  the  one  percent  floodplain). 

6.021  The  economic  and  social  impacts  for  residents  of  the  floodplain 
would  probably  be  great  under  flood  insurance  since  it  would  internalize 
the  costs  of  floodplain  development  more  than  any  other  plan.  The 
public  not  residing  in  the  floodplain  would  correspondingly  experience 
the  smallest  adverse  social  and  economic  impacts  with  this  plan.  The 
small  impacts  for  the  larger  public  would  be  due  to  the  nature  of  the 
program  which,  for  example,  does  not  allow  Federal  disaster  relief  for 
insured  properties.  This  would  reduce  Federal  costs  to  Federal  sub¬ 
sidy  of  insurance  payments  until  the  existing  structures  became  ob¬ 
solete  and  were  replaced,  at  which  time  Federal  participation  would 
theoretically  end.  Therefore,  this  plan  could  be  very  acceptable  to 
the  larger  non-resident  public.  Because  the  recommended  plan  would 
not  provide  complete  protection  against  the  one  percent  flood,  this 
alternative  would  be  applicable  regardless  of  project  construction, 
although  the  area  of  applicability  would  be  somewhat  reduced. 
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6.022  Strict  floodplain  regulations  also  have  some  adverse  effects. 

An  example  is  the  situation  of  owners  of  flood-prone  property  who 
want  to  sell  or  extensively  repair  or  remodel  property  to  increase  its 
longevity,  utility,  and/or  value.  It  may  be  difficult  to  borrow  money 
from  a  bank  or  other  loan  institution  for  a  mortgage  on  a  home  located 
in  a  flood-prone  area.  Likewise,  it  may  be  nearly  impossible  for  the 
owner  of  that  property  to  sell  it  at  what  would  be  an  acceptable  price 
to  him,  and  this  in  turn  can  result  in  financial  losses  to  some  indi¬ 
viduals,  particularly  at  a  time  when  they  may  be  forced  to  relocate 
elsewhere  for  personal  reasons. 

6.023  The  initial  effects  of  an  effective  floodplain  zoning  program 
would  generally  be  adverse  to  those  people  owning  flood-prone  property. 
However,  this  alternative  would  primarily  affect  those  individuals 
that  have  developed  in  the  floodplain  and  would  not  cause  extensive 
effects  on  the  human  or  natural  environment  at  some  distance  removed 
from  the  problem  area. 

6.024  Biological  impacts  of  this  alternative  would  be,  in  balance, 
positive,  particularly  in  the  long  term  and  to  the  extent  that  adverse 
effects  of  other  alternatives  are  foregone.  A  problem  with  this  alter¬ 
native  is  that  damages  to  crop  production  and  existing  developments  rather 
than  potential  increased  damages  to  future  structures  and  facilities  con¬ 
stitute  the  major  flood  problem  under  study. 

ALTERNATIVE  2:  FLOOD  WARNING  AND  FORECASTING  SERVICES  AND  EMERGENCY 
PROTECTION 

6.025  Flood  warning  consists  of  reasonably  predicting  the  time  and 
magnitude  of  a  flood  to  allow  for  evacuating  the  flood  prone  areas  or 
erecting  emergency  flood  protection  measures.  Flood  warning  and  fore¬ 
casting  services  for  the  Pembina  River  basin  are  provided  by  the  National 
Weather  Service  Forecast  Area  Office,  located  in  Fargo,  North  Dakota. 

Daily  stage  readings  and  when  appropriate,  crest  forecasts,  are  avail¬ 
able  at  that  office  for  dissemination  to  the  general  public  through 
local  weather  wire  and  telephone  to  newspapers,  radio  and  television 
stations,  and  the  St.  Paul  District  Corps  of  Engineers. 

6.026  In  general,  warnings  of  flood  stages  and  crest  forecasts  from 
snowmelt  runoff  are  provided  about  7-10  days  in  advance.  Providing 
this  amount  of  time  is  available,  emergency  protection  works  could  be 
upgraded,  made  higher,  or  built  for  Neche  and  other  flood  prone  areas 
having  valuable  structures.  The  spring  snowmelt  flood  can  be  reasonably 
predicted  by  methods  currently  available.  Large  major  floods  that  re¬ 
sult  from  excessive  summer  rainfall  can  also  be  predicted,  although 
the  occasion  has  not  arisen  in  the  basin  to  date.  However,  the  time 
interval  between  rainfall  occurrence,  issuance  of  a  flood  warning,  and 
beginning  of  flooding  is  relatively  short.  A  more  extensive  network  of 
rainfall  and  runoff  gages  might  improve  the  flood  warning  system  for 
floods  from  excessive  rainfall;  however,  the  time  element  between  rain¬ 
fall  and  flooding  would  still  be  very  short.  Emergency  evacuation  of 
persons  and  belongings  or  construction  of  emergency  flood  protective 
measures  might  well  be  undertaken  for  the  spring  snowmelt  floods. 
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However,  these  emergency  measures  would  be  much  less  effective  in  pre¬ 
venting  damages  from  floods  resulting  from  excessive  rainfall  runoff. 
Emergency  protection  may  be  adequate  for  smaller  floods;  however, 
floods  of  larger  magnitude  could  create  structural  stability  problems 
due  to  hasty  construction  and  allow  an  uncomfortably  high  probability 
of  failure,  and  a  potential  for  loss  of  life. 

6.027  Use  of  this  alternative  alone  would  mean  continued  anxiety  for 
the  residents  during  flood  seasons  and  community  disruptions  during 
actual  floods.  Damages  would  remain  high  since  fixed  developments, 
particularly  in  the  rural  areas,  such  as  homes,  businesses,  utilities, 
schools,  and  agricultural  lands  would  remain  subject  to  damages  and  only 
the  most  portable  personal  belongings  could  be  saved.  However,  flood 
damages  would  remain  even  after  implementation  of  any  of  the  plans  consid¬ 
ered,  although  the  level?  ot  river  stages  and  flood  damages  would  vary 
among  the  plans. 

6.028  These  measures  would  intermittently  disrupt  the  biological  system 
and  scenic  quality  of  the  flood  prone  areas  of  Neche.  The  environmental 
impacts  of  this  alternative  are  essentially  the  same  as  for  the  base 
condition. 

6.029  Flood  forecasting  and  warning  and  subsequent  emergency  actions 
are  considered  important  features  of  any  flood  protection  plan  but  in¬ 
dividually  are  felt  to  be  unacceptable  long-term  solutions. 

ALTERNATIVE  3:  FLOODPLAIN  EVACUATION  AND  FLOOD  PROOFING 

6.030  Permanent  evacuation  of  developed  floodplain  areas  would  involve 
acquisition  of  lands,  removal  and  relocation  of  improvements, 
evacuation  and  resettlement  of  population,  and  permanent  conversion  of 
lands  to  uses  less  susceptible  to  flood  damage.  Lands  acquired  in  this 
manner  could  be  used  for  agriculture,  parks,  "natural"  areas,  or  other 
purposes  which  would  not  interfere  with  flood  flows.  Flood  proofing 
would  consist  of  a  combination  of  structural  changes  and  adjustments 
to  properties  subject  to  flooding  primarily  for  reduction  or  elimination 
of  flood  damages.  Adequate  landfill  to  raise  building  foundations, 
and  control  of  basement  construction  and  structural  strength  to  with¬ 
stand  high  water  pressures,  can  also  be  elements  of  effective  flood 
proofing.  Although  best  applied  to  new  construction,  it  is  also,  in 
certain  instances,  applicable  to  existing  facilities. 

6.031  This  alternative  would  mainly  involve  the  evacuation  of  the  city 
of  Neche  and  either  evacuation  or  flood  proofing  of  the  rural  farm¬ 
steads  located  in  the  flood  prone  areas  of  the  basin.  For  this  alter¬ 
native  the  depth  of  flooding  was  used  to  determine  whether  evacuation 
or  flood  proofing  of  the  identified  flood  prone  farmstead  buildings 
would  be  undertaken.  All  buildings  which  had  less  than  2  feet  of  flood¬ 
ing  above  the  existing  ground  level  from  the  100-year  flood  or  were 
located  within  100  feet  of  the  100-year  flood  outline  would  be  flood 
proofed.  All  other  flood  prone  structures,  except  most  farm  buildings, 
would  be  evacuated.  Using  these  criteria  263  homes  and  14  businesses 
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in  Neche  and  303  farmsteads  would  be  either  evacuated  or  flood  proofed, 
although  the  majority  of  farmsteads  would  be  flood  proofed.  Care 
would  have  to  be  taken  to  assure  that  flood  proofed  farmsteads  would 
not  become  isolated  during  major  floods.  However,  social  effects  of 
flooding  during  severe  floods,  such  as  disruption  of  transportation 
and  isolation  of  residents  from  their  homes,  businesses,  and  farming 
operations  would  probably  largely  remain. 

6.032  The  area  in  and  around  Walhalla  would  probably  represent  the 
primary  relocation  site  for  evacuated  residences.  This  site  is 
located  approximately  17  miles  west  of  Neche  and  consists  primarily 
of  cropland.  Relocation  to  this  site  would  remove  about  450  acres 
of  land  from  crop  production. 

6.033  After  structures  were  removed  from  the  hamlets  and  farmsteads 
to  be  evacuated,  many  of  the  evacuated  sites  would  probably  be  cleared 
and  converted  to  agricultural  uses.  This  would  probably  involve 
clearing  of  several  farmstead  windbreaks  since  the  primary  purpose  of 
a  windbreak  would  no  longer  be  applicable  if  the  farmstead  were  removed. 
The  land  at  the  evacuated  sites  would  presumably  be  of  some  agri¬ 
cultural  value  and  would  be  used  for  agricultural  purposes  since  one 
commonly-  sees  old  farmsteads  being  converted  to  tillable  land.  This 
would  counteract  to  some  extent  the  loss  of  cropland  at  the  relocation 
site(s) . 

6.034  Social  effects  of  the  evacuation/ flood  proofing  alternative 
would  differ  on  a  case-by-case  basis  and  would  depend  upon  individual 
points  of  view.  As  evacuation  or  flood  proofing  becomes  imminent,  the 
level  of  concern  of  the  floodplain  resident  typically  rises,  and  peaks 
during  the  construction  period.  During  this  period,  evacuation  or  flood 
proofing  would  usually  be  viewed  as  decidedly  adverse  due  to  apprehen¬ 
sion  or  the  disruption  in  family  life.  After  relocation  or  flood 
proofing  is  complete,  the  level  of  concern  would  ordinarily  drop,  and 
the  effect  could  come  to  be  viewed  as  negative  or  positive  as  the  family 
becomes  accustomed  to  the  new  situation.  Some  would  see  a  gain  if  their 
new  situation  was  better  than  the  old;  however,  even  if  in  retrospect 
they  saw  evacuation  or  flood  proofing  as  desirable,  they  may  still 
judge  it  to  be  adverse  before  or  during  the  relocation.  Others  would 
see  the  post-construction  situation  to  be  less  desirable  because,  for 
example,  they  may  have  to  commute  greater  distances  to  conduct  their 
farming  operations.  Evacuation  or  flood  proofing  may  therefore  be 
viewed  as  either  negative  or  positive  before  construction,  and  one's 
viewpoint  may  change  after  becoming  adjusted  to  the  new  situation.  In 
any  case,  however,  the  temporary  disruption  during  construction  would 
be  viewed  as  adverse. 

6.035  On  the  overall  scale,  community  patterns  and  some  farm-to-market 
relationships  would  be  substantially  changed.  There  would  be  gains 
to  public  health  and  safety  since  the  plan  would  constitute  a  very 
hazard-free  solution  to  the  problem  to  the  degree  desired.  Flood 
damages  to  structures  would  also  be  essentially  eliminated.  However, 
agricultural  damages,  which  are  a  substantial  part  of  the  problem, 
would  remain.  Economic  disadvantages  would  accrue  to  floodplain  resi- 


dents  through  greater  commuting  costs  or  increased  costs  for  any 
floodplain  developments  they  chose  to  build  in  the  future;  however, 
this  increased  cost  would  not  necessarily  be  a  net  cost  but  rather 
it  would  be  borne  more  completely  by  the  floodplain  residents  themselves 
They  would  also  have  to  contribute  substantially  to  the  initial  project 
cost,  unlike  the  situation  for  a  major  reservoir,  for  example,  for 
which  there  is  no  local  cost-sharing  pursuant  to  the  Flood  Control 
Act  of  1936.  Local  interests  are  understandably  reluctant  to  accept 
the  larger  costs,  and  they  would  prefer  a  locally  less  costly  project 
and  would  rather  define  a  project  as  a  "major  reservoir"  instead  of 
a  "reservoir  in  lieu  of  local  flood  protection".  The  local  cost  im¬ 
plications  of  the  decisions  can  be  large.  The  benefit-cost  ratio  for 
this  alternative  is  0.12  to  1.00. 

6.036  With  the  evacuation  and  flood  proofing  alternative  there  would 
also  be  economic  effects  for  the  Canadian  cities  of  Gretna  and  Altoona. 
These  cities  depend  on  Neche  for  their  domestic  water  supply.  The  evacua 
tion  of  Neche  would,  unless  the  water  treatment  facilities  were  main¬ 
tained,  require  the  development  of  an  alternate  water  supply  source 
for  these  Canadian  cities. 

STRUCTURAL  ALTERNATIVES 

ALTERNATIVE  4:  MULTIPURPOSE  PEMBILIER  DAM  AND  LAKE  (PROPOSED  PROJECT) 
ALTERNATIVE  5:  PEMBILIER  "DRY"  DAM 

6.037  The  "dry"  dam  would  occupy  the  same  site  as  that  recommended  for 
the  proposed  Pembilier  Reservoir  alternative,  i.e.  the  area  about  2 
miles  southwest  of  Walhalla.  There  would  be  no  permanent  pool  with 
this  plan  as  water  would  be  stored  only  as  needed  to  prevent  flooding 
downstream.  The  stored  water  would  be  released  as  quickly  as  possible 
without  exceeding  the  downstream  channel  capacity. 

6.038  The  "dry"  dam  would  have  a  lower  trap  efficiency  than  the 
"wet"  dam  (about  15  percent  less)  with  more  sediments  passing  through 
the  pool.  With  the  absence  of  a  permanent  lake  and  a  reduction  in  the 
amount  of  sediment  trapped  by  the  dam,  the  size  of  the  dam  could  be 
reduced  without  reducing  the  degree  of  flood  protection.  The  total 
storage  behind  the  dam  would  be  141,000  acrerfeet,  of  which  128,000 
acre-feet  and  13,000  acre-feet  would  be  assigned  to  flood  storage  and 
sedimentation,  respectively.  The  degree  of  protection  provided  by 
this  plan  would  be  the  same  as  for  the  proposed  reservoir,  i.e.  a 
flood  with  the  probable  occurrence  of  once  in  36  years. 

6.039  Elimination  of  the  permanent  pool  and  a  reduction  in  sediment 
storage  would  mean  that,  at  the  flood  elevation,  the  volume  would  be 
6,000  acre-feet  less  and  the  vertical  extent  of  the  full  flood  would 
be  approximately  2  feet  lower  than  with  the  "wet"  dam. 


* 


6.040  No  water  supply  and  only  limited  recreation  benefits  would 
be  attributed  to  this  plan.  Average  annual  benefits  attributed 
to  this  alternative  are  estimated  to  be  about  $2.4  million,  yielding 
a  benefit/cost  ratio  of  about  1.5  to  1.00. 

6.041  The  "dry"  dam  alternative  was  selected  by  the  Ecological 
Advisory  Sub-Committee  of  the  Pembina  River  Basin  Planning  Com¬ 
mittee  as  the  highest  priority  structural  alternative  for  solving 
the  basin's  flood  problems. 1  Although  the  committee  concluded  that 
the  boundary  floodway  plan  (alternative  7)  "would  not  have  an  adverse 
environmental  impact  on  the  Pembina  Valley  and  would  remove  the  flood 
waters  to  the  Red  River,"  it  represented  their  second  choice  because 
it  would  have  removed  a  larger  amount  of  land  from  agricultural  pro¬ 
duction  than  would  the  dam  alternatives . 

6.042  Long-term  environmental  effects  associated  with  the  "dry" 
dam  alternative  would  depend,  to  a  large  extent,  upon  the  degree  and 
frequency  with  which  the  storage  capacity  was  utilized.  For  any  given 
flood,  a  lesser  acreage  would  be  innundated  by  the  "dry"  dam. 

However,  since  storage  of  a  given  flood  behind  a  "wet"  dam  occurs 
on  top  of  an  existing  water  surface  (in  this  case  an  800-acre 
conservation  pool) ,  the  amount  of  additional  land  inundated  for  a 
given  amount  of  storage  would  be  less  with  a  "wet"  dam.  The  "dry" 
dam  would  then  impact  upon  a  smaller  area  initially,  but  it  would 
affect  an  incrementally  greater  area  during  floodwater  storage. 

6.043  With  a  lower  trap  efficiency,  the  "dry"  dam  would  pass  more 
sediments  downstream.  However,  the  major  period  of  sediment  trans¬ 
port  would  probably  occur  during  periods  of  high  flows  and  the 
difference  between  the  "wet"  and  "dry"  dam  alternatives  in  this 
regard  would  probably  be  insignificant.  During  periods  of  high 
flow  but  no  storage,  however,  the  river  could  pick  up  some  of  the 
sediments  that  were  previously  deposited  at  lower  elevations 
(nearer  to  the  original  river  channel) ,  and  transport  them  to  down¬ 
stream  areas.  If  the  overall  effect  were  to  increase  sedimentation 
downstream,  then  this  would  impact  negatively  upon  the  aquatic  biota 
in  those  reaches.  The  suspended  sediment  load  of  the  river  during 
non-flood  flow  periods  would  probably  be  greater  below  the  "dry" 
dam  (closer  to  natural  conditions)  than  below  the  "wet"  dam. 

6.044  The  conspicuous  difference  between  the  "dry"  and  "wet"  dam 
alternatives  is  the  presence  or  absence  of  the  800-acre  conservation 
pool.  While  the  "dry"  dam  would  result  in  less  immediate  deterior¬ 
ation  of  the  terrestrial  and  riverine  system  of  the  valley,  the  long¬ 
term  effects  on  these  systems  would  be  similar  to  those  of  the  "wet" 
dam.  On  the  other  hand,  various  benefits  attributed  to  the  creation 
of  a  lake  would  be  foregone.  Water  supply  and  lake  oriented  recreation 
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1  Report  of  the  Ecological  Advisory  Sub-committee  to  the  Pembina 
River  Basin  Planning  Committee,  p.  27.  Nov.  8,  1971. 
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could  not  be  provided  with  this  alternative,  and  the  ability  to  regu¬ 
late  downstream  aquatic  conditions  would  be  abrogated,  although  the 
efficacy  of  this  factor  depends  upon  the  quality  of  the  water  which 
would  be  released  from  the  "wet"  dam  and  upon  the  ultimate  balancing 
of  management  goals  for  the  lake  and  for  the  river  downstream. 

6.045  The  Pembina  River  Valley  receives  heavy  use  by  deer  as  a 
wintering  area.  Creation  of  a  permanent  pool  would  reduce  the  areas 
available  for  yarding  and  would  eliminate,  or  render  inaccessible, 
many  normal  travel  lanes  for  the  deer  populations.  The  "dry"  dam 
would  permit  the  continued  use  of  this  area  by  deer  populations 
although  the  quality  of  the  habitat  would  be  reduced. 

6.046  As  mentioned  above,  the  biological  impacts  to  the  terrestrial 
environment  of  the  flood  pool  would  depend*  upon  the  amount  and 
frequency  of  storage  that  occurs.  It  is  conceivable  that,  after 
several  years  of  operation,  the  effects  of  the  "dry"  dam  on  the 
terrestrial  systems  of  the  valley  would  be  similar  to  those  of  the 
"wet"  dam  (with  the  exception  of  permanent  losses  in  the  conservation 
pool),  and  that  the  aesthetic  degradation  would  be  even  greater  with 
this  alternative.  It  is  also  conceivable  (or  probable),  that  following 
a  few  years  of  operation,  basin  residents  would  realize  the  negative 
environmental  effects  of  the  "dry"  dam  and  the  benefits  it  precludes 
(water  supply,  water-based  recreation)  and  would  request  conversion  of  the 
structure  to  a  "wet"  dam. 

ALTERNATIVE  6:  SMALL  RESERVOIRS  ON  MAINSTEM  TRIBUTARIES 

6.047  The  dams  proposed  under  this  alternative  would  be  smaller 
than  the  proposed  project  and  would  be  located  upstream  from 
Walhalla  on  the  Little  South  Pembina,  Little  North  Pembina, 
or  main  stem  of  the  Pembina  River.  The  Little  South  and 
Little  North  Pembina  Rivers  together  constitute  about  10 
percent  of  the  total  of  2,715  square  miles  of  contri¬ 
buting  drainage  area  at  the  proposed  Pembilier  damsite.  Accor¬ 
dingly,  the  tributary  reservoirs  would  contribute  little  in  the  way 
of  flood  control  to  the  lower  Pembina  basin.  Similarly,  a  small 
reservoir  on  the  main  stem  of  the  Pembina  River  would  have  no  sig¬ 
nificant  effect  on  flood  reduction  downstream. 

6.048  Environmental  impacts  associated  with  this  alternative  would 
generally  be  similar  in  nature  to  those  discussed  for  the  proposed 
reservoir  although  at  a  much  reduced  level.  The  "lakes"  created 
by  this  alternative  would  have  less  recreation  and  fishery  benefits 
associated  with  them  than  with  the  large  reservoir  because  of  their 
small  surface  area  and  shallowness.  Thermal  stratification  would 
probably  not  occur  or  would  be  of  an  ephemeral  nature.  Siltation 
would  represent  a  major  problem  in  these  shallow  reservoirs.  Sedi¬ 
mentation  would  soon  reduce  their  recreational  potential  as  they 
"silted  in"  and  evolved  to  a  marsh-type  environment.  This,  however, 
would  increase  their  value  to  waterfowl  and  aquatic  mammals  such  as 
beaver,  mink,  and  muskrats. 


6.049  Although  no  exact  sites  have  been  proposed  for  this  alterna¬ 
tive,  the  fact  that  flood  damages  would  not  be  significantly  reduced 
eliminates  this  alternative  from  further  consideration  as  a  significant 
solution  to  the  basin's  identified  water  resource  problems.  The 
benefit-cost  ratio  for  this  alternative  was  0.42  to  1.00. 

ALTERNATIVE  7:  BOUNDARY  FLOODWAY 

6.050  The  boundary  floodway  alternative  would  consist  of  the  con¬ 
struction  of  a  small  diversion  dam  about  3  miles  downstream  from 
Walhalla  which  would  permit  normal  flows  in  the  natural  river  channel 
but  would  divert  flood  flows  into  a  floodway.  The  floodway  would 
extend  32.6  miles  from  the  diversion  dam  generally  north  to  the 

International  Boundary  and  then  directlv  east,  south  of  the  Inter¬ 
national  boundary  to  the  junction  with  the  Red  River  of  the  North 
just  downstream  from  the  city  of  Pembina.  The  floodway  would  be 
designed  to  pass  a  flow  of  3,300  cfs  with  3  feet  of  freeboard.  The 
slope  would  vary  with  the  depth  and  width  of  the  channel  to  maintain 
non-erosive  velocities  in  the  channel.  The  design  velocities  gener¬ 
ally  are  at  3.5  feet  per  second  with  a  maximum  velocity  of  about 
4.5  feet  per  second.  Four  drop  structures  would  be  necessary  through¬ 
out  the  length  of  the  floodway,  including  one  drop  structure  where 
it  empties  into  the  Red  River  of  the  North.  The  channel  depth  would 
vary  from  about  5  to  12  feet,  and  the  right-of-way  width  would  vary 
from  about  160  to  340  feet. 

6.051  A  diversion  dam  would  be  constructed  across  the  Pembina  River 
at  the  beginning  of  the  floodway.  At  the  design  flow  of  6,300  cfs, 

3,000  cfs  would  be  allowed  to  pass  down  the  normal  river  channel 
and  the  remaining  3,300  cfs  would  be  diverted  into  the  floodway 

channel.  For  the  design  flood,  operation  of  the  diversion  structure  would 
necessitate  flooding  approximately  600  acres  directly  upstream  from 
the  structure.  In  the  event  of  a  100-year  flood,  approximately 
900  acres  would  be  needed  to  impound  floodwaters.  To  accommodate 
this  temporary  water  storage,  flooding  easements  on  approximately 
1,100  acres  of  land  would  be  obtained  at  and  upstream  of  the  di¬ 
version  structure.  The  combined  existing  Pembina  River  channel  and 
floodway  capacity  of  6,300  cfs  would  provide  protection  against 
about  an  11  percent  chance  flood.  In  addition  to  the  flooding  ease¬ 
ments,  1,000  acres  of  land  would  be  obtained  in  fee  title  for  the 
channel  and  associated  structures  and  easements  on  an  additional  1,400 
acres  would  be  needed  to  place  the  excess  excavated  material  from  the 
floodway  channel.  Almost  all  of  the  land  affected  would  be  agricultural 
land.  Road  and  railroad  bridges  would  be  replaced  with  this  alternative 
and  several  structures  would  be  needed  for  outlets  of  existing  drainage 
systems  in  order  to  prevent  unnecessary  flooding  -of  adjacent  farmland 
and  to  reduce  erosion  in  the  channel. 

6.052  A  study  was  conducted  to  determine  the  effects  of  the  floodway 
upon  flood  stages  along  the  Red  River  of  the  North  into  Canada.  For  one 
of  the  past  floods  of  record  (1971  flood),  there  exists  about  a  2-percent 
chance  of  the  floodway  contributing  to  the  peak  flood  stages  along  the 
Red  River  of  the  North  into  Canada.  Generally,  however,  the  floodway  would 
have  little  or  no  effect  on  peak  stages  along  the  Red  River  of  the  North 
in  Canada. 


6.053  Construction  of  the  diversion  structure  would  result  in 
unavoidable  short-term  impacts  such  as  increased  turbidity  down¬ 
stream  from  the  site  and  increased  noise  and  dust  levels.  Impacts 
to  vegetation  in  the  area  would  be  of  longer  duration. 

6.054  The  suspended  solids  concentration  of  the  Pembina  River  is  nor¬ 
mally  very  high  and  the  probable  addition  of  material  from  the 
diversion  construction  site  should  result  in  only  minor,  if  any, 
impacts  to  either  downstream  water  quality  or  the  aquatic  biota  in 
this  reach  of  the  river.  The  diversion  structure  would  be  located 
in  a  sparsely  populated  rural  area  so  that  the  noise  and  dust  associ¬ 
ated  with  its  construction  would  affect  only  a  very  small  number  of 
people. 

6.055  Terrestrial  vegetation  in  the  area  of  the  diversion  structure 
and  ponding  area  consists  of  well  developed  overs tory,  shrub,  and 
ground  vegetation  layers.  Wooded  areas  in  the  ponding  area  are 
interspersed  with  cropland,  marshes,  oxbows,  and  grassed  areas.  The 
bottomland  hardwood  forests  are  comprised  mainly  of  basswood,  cotton¬ 
wood,  green  ash,  American  elm,  willow,  and  aspen.  Trees  exhibit 
various  stages  of  development  and  the  forest  canopy  has  many  openings. 
The  shrub  layer  in  these  areas  is  well  developed  and  contains  choke- 
cherry,  red  osier  dogwood,  Juneberry,  hazel,  and  abundant  tree 
reproduction.  The  ground  vegetation  is  also  well  developed  with 
assorted  grasses,  forbs,  and  ferns  in  addition  to  an  accumulation 
of  litter. 

6.056  Construction  of  the  diversion  structure  would  remove  some 
of  this  vegetation.  However,  the  area  proposed  for  the  diversion 
structure  and  tie-back  levees  is  more  sparsely  vegetated  with  bottom¬ 
land  hardwoods  than  other  areas,  either  up-  or  downstream.  The  loss  of 
wooded  areas  directly  attributed  to  construction  activities  would 
be  quite  limited  and  would  not  represent  an  important  loss  of  this 
habitat  type  for  the  watershed.  In  addition,  disturbed  areas  would  be 
revegetated  within  the  regulations  pertaining  to  levee  construction 
and  maintenance. 

6.057  Probably  the  most  serious  environmental  effects  of  the  bound¬ 
ary  floodway  would  result  because  of  the  necessity  to  pond  flood- 
water.  Storage  of  floodwaters  behind  the  diversion  structure  would  be 
necessary  for  two  reasons:  to  direct  the  flood  flows  into  the  flood¬ 
way;  and,  to  permit  flow  releases  that  would  not  exceed  the  capacity 
of  either  the  existing  river  channel  or  the  floodway  channel,  i.e. 
3,000  cfs  and  3,300  cfs,  respectively. 

6.058  The  diversion  structure  would,  in  effect,  function  in  a 
manner  similar  to  that  of  a  "dry"  dam.  Floodwaters  would  be 
stored  for  a  period  of  time,  being  released  at  flows  not  exceeding 
the  capacities  of  the  channels.  However,  a  "dry"  dam  located  at 
this  site  and  resulting  in  the  same  degree  of  protection,  would 
not  be  feasible  because  the  larger  storage  required  (channel  capac- 


ity  would  only  be  3,000  cfs)  ,  would  inundate  too  large  an  area,  and 
would  require  more  extensive  wing  dikes.  For  these  reasons,  the  only 
feasible  damsites  are  located  upstream  of  Walhalla  in  the  valley 
area. 

6.059  Effects  of  impounding  water  on  the  vegetation  of  the  area 
would  be  related  to  the  timing  and  duration  of  the  flooding.  The 
vegetation  that  presently  occupies  the  ponding  area  does  because 
of  its  ability  to  adapt  to  a  particular  set  of  physical  and 
chemical  parameters.  One  of  the  parameters  is  a  certain  amount  of 
flooding.  For  this  reason,  the  effects  of  inundation  on  the  vegeta¬ 
tion  in  this  area  would  not  generally  be  considered  serious.  This 
should  not  be  construed  to  mean  that  there  would  be  no  effects  but 
that,  under  conditions  of  minor  early  spring  floods,  the  effects  of 
temporary  inundation  could  be  minimal.  Under  less  frequent  flood  condi¬ 
tions,  such  as  those  of  long  duration  and  those  occurring  later  in 
the  growing  season,  the  effects  on  the  vegetation  would  be  more  severe. 
Effects,  on  animal  populations  in  the  ponding  area  would  depend  to 
a  large  extent  on  the  damage  incurred  to  the  vegetation.  In  this 
regard,  the  amount  of  food  and  cover  destroyed  would  be  items  of 
major  concern  as  the  immediate  loss  of  many  forms  of  animal  life  would 
be  minor  because  of  their  relative  mobility  which  would  allow  them  to 
evacuate  the  area  during  periods  of  water  storage. 

6.060  The  floodway  corridor  would  require  the  purchase  of  approxi¬ 
mately  1,000  acres  for  the  channel  proper  and  an  additional  acquisi¬ 
tion  of  easements  on  about  1,400  acres  for  the  deposition  of 
excavated  channel  material.  The  f bodway  would  traverse  highly 
productive  agriculture  land  over  its  entire  route.  Because  of  the  current 
intensive  agricultural  utilization  of  the  land  within  the  floodway 
right-of-way,  vegetation  other  than  row  crops  consists  mainly  of 
shelter  belts,  grassed  road  ditches  (which  are  burned  frequently)  and 
water-ways,  and  vegetation  around  farm  buildings.  Because 
of  the  minimal  cover  provided  by  the  existing  vegetation,  the 
resident  animal  populations  are  mainly  limited  to  small  mammals .  Numerous 
bird  species  utilize  the  area,  mostly  for  food,  and  some  nesting 
does  occur  in  the  shelter  belts  and  grassed  areas.  Larger  animals 
such  as  deer  and  coyote  also  utilize  the  area  during  certain  times 
of  the  year . 

6.061  Construction  and  operation  of  the  floodway  would  have  almost 
no  net  negative  impacts  on  natural  vegetation  and  animal  populations  in 
the  floodway  area.  The  floodway  channel  would  be  replanted  with 
grass  and  would  probably  result  in  a  net  increase  in  habitat 
of  the  area,  although  the  balance  of  types  would  change.  The  opera¬ 
tion  of  the  floodway  could  destroy  nests  constructed  in  the 
area  prior  to  its  use  for  removal  of  floodwaters  but  this  would 
have  no  significant  effect  on  populations  of  the  area,  as  most  bird 
species  utilizing  the  area  at  this  time  would  not  as  yet  be  nesting 
and/or  would  be  capable  of  renesting  following  floodway  operation 
(although  the  quality  of  nesting  habitat  would  be  diminished). 


6.062  The  floodway  would  increase  the  physical  stability  of  the  ter¬ 
restrial  system  through  reduced  soil  and  bank  erosion. 

6.063  Aesthetically,  the  floodway  and  diversion  structure  would 
probably  not  have  a  serious  impact  on  the  area.  The  area  has  an  extreme¬ 
ly  low  relief  with  major  breaks  in  the  topography  provided  by  raised 
roads,  aeolian  deposits  along  shelter  belts,  and  flood  control  levees. 

The  floodway  would  produce  no  more  distortion  of  the  existing  land¬ 
scape  than  occurs  with  the  other  structures. 

6.064  About  1,000  acres  would  be  removed  from  agricultural  produc¬ 
tion  in  the  area  of  the  channel.  The  remaining  areas  of  the  floodway 
corridor  and  ponding  area  would  be  obtained  through  easements.  Once 
excavated  channel  material  had  been  disposed  of,  the  disposal  areas  would 
again  be  available  for  agricultural  utilization.  Topsoil  would 
be  replaced  on  the  disposal  areas  and  their  productive  capacities 
would  experience  little  permanent  changes  due  to  the  deposition  of 
excavated  material. 

6.065  The  floodway  would  result  in  some  inconvenience  to  local 
farmers  where  it  divided  continuous  land  holdings  as  the  floodway 
would  probably  be  too  steep  to  cross  in  most  areas  other  than  at 
designated  road  crossings.  Present  road  traffic  patterns  would  be 
somewhat  disrupted  although  provisions  would  be  made  for  major 
highway  crossings  in  the  area. 

6.066  Secondary,  induced  effects  of  the  floodway  (as  well  as  with 
other  alternatives  that  significantly  reduce  flooding)  are 
anticipated.  These  may  result  in  greater  environmental  impacts 
than  the  primary  impacts  associated  with  this  alternative.  Because 
the  chance  of  flooding  from  small  events  would  be  essentially  eli¬ 
minated  with  this  plan,  it  could  result  in  intensified  agricultural 
practices.  These  practices  might  include  increased  use  of  fall  plow¬ 
ing,  changes  to  more  valuable  crops  such  as  sugar  beets,  and  drainage 
of  marginal  lands  and  clearing  of  wooded  areas  along  the  rivers  to 
increase  the  amount  of  arable  land.  All  of  these  practices  would 
reduce  the  value  of  the  existing  land  as  wildlife  habitat  and  as  such’ 
would  impact  on  the  environmental  and  aesthetic  quality  of  the  area. 

6.067  The  Pembina  River  Valley  west  of  Walhalla  is  a  unique  natural 
resource  in  North  Dakota.  It  represents  one  of  the  few  wooded 
and  relatively  unspoiled  areas  of  the  State.  Deer  and  ruffed  grouse 
are  plentiful,  and  even  an  occasional  moose  and  timber  wolf  can  be 
observed  within  the  confines  of  this  secluded  valley. 
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The  beauty  and  unique  environmental  qualities  of  the  valley  are  irre¬ 
placeable  in  North  Dakota.  The  alternative  of  the  boundary  floodway 
was  selected  as  the  most  environmentally  sound  solution  to  the  flooding 
problems  of  the  basin  because  it  would  permit  the  character  of  the  valley 
to  remain  in  its  present  condition,  would  provide  flood  protection  (al¬ 
though  not  complete) ,  and  could  be  achieved  with  almost  no  serious  en¬ 
vironmental  consequences.  However,  it  has  a  lower  economic  efficiency 
than  the  proposed  project  (B/C  =  1.17),  is  socially  unacceptable  to  the 
local  populace  (local  costs  are  higher  than  with  a  dam)  and  would  not 

present  as  complete  a  solution  to  the  International  Border  problem  as 
would  a  dam. 

ALTERNATIVE  8:  FLOODWAY  IN  THE  LOWER  REACH  OF  THE  PEMBINA  RIVER 

6.068  This  alternative  was  considered  only  briefly.  The  plan  would 
consist  of  a  floodway, similar  to  that  described  in  alternative  7, that 
would  be  constructed  from  a  point  near  the  confluence  of  the  Tongue  and 
Pembina  Rivers  and  would  extend  east  about  3  miles  to  the  Red  River  of 
the  North.  Environmental  impacts  associated  with  this  plan  would  be 
similar  to  alternative  7  but  on  a  much  reduced  scale  because  of  the 
much  smaller  area  of  influence.  Because  this  plan  would  not  materially 
reduce  the  major  water  resource  problem  of  the  basin,  i.e.  economic  losses 
due  to  flooding,  and  because  it  lacked  economic  feasibility  (benefit- 
cost  ratio  =*  0.13),  it  was  given  no  further  consideration. 

ALTERNATIVE  9:  CHANNEL  MODIFICATIONS 

6.069  This  alternative  involves  enlarging  and  straightening  approximately 
42  miles  of  the  Pembina  River  from  Walhalla  to  its  confluence  with  the 
Red  River  of  the  North.  The  considered  modifications  could  be  designed 
to  contain  a  3  percent  chance  flow. 
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6.070  This  alternative,  of  all.  the  alternatives  considered,  while  offering 
economic  benefits  to  the  area,  probably  represents  the  greatest  potential 
for  adverse  environmental  effects  over  the  widest  area.  According  to  the  • 

"Report  on  Channel  Modifications"  by  the  Council  on  Environmental  Quality 
(1973),  significant  negative  environmental  impacts  of  channel  modifications 
are  related  to:  draining  of  wetlands;  cutting  of  bottomland  forests; 
cutting  off  oxbows  and  meanders;  alteration  of  water-tables  and  stream 
recharge;  erosion* and  sedimentation;  downstream  effects;  and  channel  main¬ 
tenance.  • 

6.071  The  general  quality  of  a  riverine  environment  is  related  to  the 
diversity  and  interspersion  of  a  wide  range  of  physical  and  chemical  para¬ 
meters  that  result  in  a  variety  of  more  or  less  discrete  habitats.  These 
habitats  provide  the  conditions  necessary  to  support  a  diverse  assemblage 
of  plants  and  animals  with  a  high  production  potential.  The  diversity  of  • 

habitats  in  a  riverine  system  is  related  to  such  factors  as  gradient, 
riparian  vegetation,  water  depth,  and  watershed  practices.  These  factors 
and  others,  in  turn,  affect  such  factors  as  current  velocity,  light  patterns, 
the  sequence  of  riffles,  pools,  and  slack -water,  nutrient  loading,  and 
suspended  materials  which  in  turn  exert  control  over  plant  growth,  debris 
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accumulation,  sediment  deposition,  and  substrate  type.  The  above  factors 
interact  through  various  associations  to  increase  the  diversity  of  the  system. 
The  channel  modification  alternative  would  have  adverse  impacts  through 
detrimental  change  to  many  of  these  parameters. 

6.072  Although  this  reach  of  river  would  be  considered  by  most  persons  to 
be  of  lower  aesthetic  quality  than  the  reach  above  the  escarpment,  the 
river,  by  its  very  existence,  does  impart  aesthetic  and  scenic  qualities 
to  the  downstream  area.  The  river  reach  from  upstream  of  Walhalla  to  its  mouth 
was  considered  enough  of  a  significant  natural  resource  to  be  proposed  for 
investigation  as  a  possible  wild,  scenic,  or  recreational  river  during 
the  1971  Legislative  Assembly  (paragraph  3.010).  The  modifications  associated 
with  this  alternative  would  cause  an  irreparable  loss  of  the  existing  aquatic 
and  terrestrial  habitat  and  aesthetic  qualities  now  associated  with  this  reach 
of  the  river. 


6.073  Straightening  and  enlarging  of  an  existing  river  channel  to  increase 
its  capacity  to  transmit  peak  flows,  cuts  off  oxbows  and  meanders  from  the 
main  channel,  thereby  reducing  flows  to  these  areas. ^  These  areas  are 
important  feeding  and  breeding  areas  for  many  animal  species.  By  reducing 
the  production  of  forage  species  in  these  areas ,  a  resultant  decrease  in 
the  production  of  species  at  higher  trophic  levels  would  occur. 

6.074  Current  diversity  is  also  reduced  by  channelization.  The  existing 
sequence  of  riffles  and  pools  is  altered  and  the  resulting  channel  bottom 
exhibits  less  roughness  than  before. 

6.075  Sediment  production  would  be  great  during  the  initial  construction 
operations  and  could  result  in  serious  impacts  to  aquatic  organisms  down¬ 
stream  from  the  channelized  area.  Similar  effects  would  be  expected  during 
periodic  channel  maintenance  work.  During  low  flow  periods,  the  river  would 
attempt  to  meander  within  the  new  banks  and  could  result  in  bank  erosion 
and  shifting  of  bottom  sediments.  The  resulting  unstable  substrate  would 
be  detrimental  to  most  benthic  biota  and  would  reduce  the  production  within 
the  modified  channel. 

6.076  Clearing  of  riparian  vegetation  would  result  in  water  temperatures 
that  respond  more  quickly  to  ambient  air  temperatures,  especially  during 
low  flow  periods.  Bank  vegetation  is  also  important  because  it  reduces 
erosion,  results  in  varied  light  patterns,  and  contributes  allochthonous 
material  to  the  stream  which  is  a  major  food  source  for  secondary  producers. 
Removal  of  associated  bottomland  forests  would  also  result  in  increased 
nutrient  losses  from  these  areas  which  could  affect  the  trophic  status  of 
the  aquatic  system.  Riprarian  vegetation  represents  important  habitat 
for  many  species  of  birds  and  animals.  Vegetation  changes  in  these  areas, 
from  cutting  and/or  alteration  of  the  water  regimes,  would  affect  the 
existing  animal  populations. 

6.077  Secondary  effects  due  to  weland  drainage  and  changes  in  agricultural 
practices  would  also  be  expected  although  the  degree  has  not  been  deter¬ 
mined.  Deepening  the  river  would  provide  outlets  for  surface  drains  from  the 
surrounding  area  which  could  result  in  an  undetermined  amount  of  wetland 

I  The  following  discussion  draws  heavily  from  the  information  contained 
in  the  report  to  the  C.E.Q,  cited  previously. 


drainage.  Such  practices  would  result  in  the  elimination  of  many  plants 
and  animals  associated  with  these  habitats.  Drainage  could  also  have 
some  affect  on  groundwater  levels  in  the  area  by  reducing  the  residence 
time  of  the  water  in  the  watershed,  thus  affecting  recharge  rates.  Ground 
water  is  a  major  contributor  to  low  water  flows  in  many  streams.  By 
reducing  this  water  source,  lower  flows,  higher  stream  temperatures, 
and  lower  dissolved  oxygen  concentrations  could  occur. 

6.078  Agricultural  utilization  of  previously  unexploited  or  under 
exploited  areas  (wetlands,  bottom-land  forests)  could  increase 
nutrient  and  sediment  inputs  to  the  stream  with  effects  similar 
to  those  discussed  above. 

6.079  Because  of  the  serious  impacts  on  the  aquatic  and  terrestrial 
ecosystem,  on  the  aesthetic  qualities  of  the  river,  because 
the  economic  benefits  associated  with  this  alternative  did  not  exceed 
costs  (benefit-cost  ratio  =  0.67),  and  because  flood  control  could  be 
achieved  by  other  plans  with  less  environmental  consequences,  the  channel 
modification  alternative  was  not  recommended  as  a  solution  to  the  water 
resource  problems  of  the  Pembina  River  basin. 

ALTERNATIVE  10:  LEVEES  AT  NECHE 

6.080  Levees  at  Neche,  North  Dakota  would  consist  of  a  ring  levee 
around  the  entire  town.  The  levees  would  be  earth  embankments 
except  for  the  part  at  the  west  end  of  Neche  which  would 
be  a  road  raise.  Interior  drainage  facilities  would  be  included  to 
prevent  flooding  behind  the  levees  in  the  event  of  heavy  rain  occur¬ 
ring  simultaneously  with  Pembina  River  flooding.  The  construction 
of  the  levees  and  road  raise  would  alter  some  natural  vegetation  and 
reduce  a  small  amount  of  wildlife  habitat.  Landscaping  and  tree 
and  shrub  plantings  would  be  included  to  partially  offset  these 
habitat  losses.  In  addition,  these  plantings  could  improve  the 
aesthetic  appearance  of  the  levees  and  aid  in  their  stabilization. 

This  alternative  would  provide  Neche  with  protection  against 
a  100-year  flood  but  would  not  provide  flood  protection  for  the  other 
flood  prone  areas  of  the  basin.  This  alternative  provides  partial 
flood  damage  reduction  in  the  basin,  but  is  not  economically  feasible 
(benefit-cost  ratio  m  0.64). 

ALTERNATIVE  11:  LEVEES  AT  NECHE  AND  AGRICULTURAL  LEVEES 

6.081  This  alternative  would  incorporate  levees  at  Neche  (alterna¬ 
tive  10)  with  about  70  miles  of  agricultural  levees  (about  35  miles 
along  each  side  of  the  river)  to  the  mouth  of  the  Tongue  River.  This 
alternative  would  provide  Neche  with  protection  against  a  100-year  flood 
while  providing  protection  from  a  10-percent  chance  flood  in  the  rural 
flood  prone  areas  of  the  basin.  A  majority  of  the  existing  temporary 
levees  plus  aDout  17  farmsteads  would  be  removed  with  this  alternative. 


6.082  During  construction  and  until  revegetation  occurred  on  the 
disturbed  sites,  increased  turbidity  and  siltation  (mainly  during 
non-flood  periods)  would  have  negative  impacts  on  the  aouatic  com- 
munitv  of  the  river.  Sediment  would  cover  sedentarv  organisms  such 
as  mollusks,  oerinhytic  algae,  and  some  insect  forms.  The  increased 
sediment  would  also  cover  eggs  of  various  aouatic  organisms  and 
would  fill  interstitial  spaces  in  gravel  areas,  reducing  circula¬ 
tion  to  eggs  and/or  organisms  that  may  utilize  this  type  of  area. 
Suspended  sediments  can  also  irritate  the  bodv  surface  and  gill 
membranes  of  aquatic  organisms  which  can  result  in  reduced  respira¬ 
tion  efficiencv  and/or  sites  for  invasion  of  bacteria. 

6.083  Longer  term  ecological  effects  would  result  from  removal  of 
riparian  vegetation  which  moderate  temperatures,  provides  variations 
in  light  patterns,  contribute  important  allochthonous  food  sources 
and  habitat  for  various  aquatic  and  terrestrial  forms. 

6.084  The  system  of  levees  would  also  seriously  affect  aesthetic 
qualities  that  are  attributed  to  this  section  of  the  river  (see  paragraph 
3.010).  In  addition,  increased  flood  protection  could  result  in  changing 
agricultural  patterns  (more  land  in  production,  production  of  crops 
with  greater  economic  return)  which  could  increase  surface  runoff  and 
nutrient  additions  to  the  river.  Many  of  the  impacts  associated  with 
this  plan  would  be  similar  to  those  expected  with  the  channel  modifica¬ 
tion  alternative. 

6.085  Although  this  plan  would  significantly  reduce  flood  damages  in 
the  basin,  damages  would  remain  in  the  lower  portion  of  the  basin. 
Perturbations  resulting  from  this  alternative  would  be  damaging  to  the 
environmental  quality  of  the  riverine  system  and,  as  with  several 
other  alternatives,  would  require  mitigation  to  offset  the  expected 
losses.  This  alternative  is  also  unacceptable  to  local  residents 
because  it  would  require  the  relocation  of  17  farmsteads  and  would 
utilize  some  agricultural  land  for  placement  of  the  levees.  In  light 
of  these  factors  and  because  it  lacks  economic  feasibility  (benefit- 
cost  ratio  =  0.72),  this  alternative  does  not  offer  an  acceptable  solu¬ 
tion  to  the  basin's  flood  control  problems. 

ALTERNATIVE  12:  COMBINATION  OF  LEVEES  AND  BOUNDARY  FLOODWAY 

6.086  This  alternative  would  consist  of  agricultural  levees  flanking 
the  river  from  Walhalla  to  Neche.  At  Neche  a  small  diversion  dam  would 
transfer  flows,  in  excess  of  channel  capacity,  into  a  16-mile  floodway 
that  parallels  the  International  boundary  and  empties  into  the  Red  River 
of  the  North  near  the  city  d  Pembina.  Several  farmsteads  in  the  area  of 
the  agricultural  levees  would  require  relocation. 

6.087  Biological,  cultural,  and  economic  impacts  of  this  alternative 
are  similar  to  those  discussed  for  alternatives  7  and  11  except  that  the 
physical  lengths  of  agricultural  levees  and  floodway  are  about  one-half 
the  length  in  those  alternatives.  This  alternative  is  unacceptable  from 
the  environmental  and  social  viewpoints  and  because  the  economic  costs 
outweigh  the  benefits  (benefit-cost  ratio  *  0.85). 
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ALTERNATIVE  13:  COMBINATION  OF  LEVEES  AND  REDUCED-SIZED  PEMBILIER  DAM 


6.088  This  alternative  would  involve  construction  of  flanking  agricultural 
levees  from  Walhalla  along  the  Pembina  River  to  the  vicinity  of  the  Tongue 
River  in  conjunction  with  construction  of  a  dam  and  lake  at  the  Pembilier 
site.  The  dam  would  contain  an  800-acre  conservation  pool  which  would 
provide  for  downstream  water  supply  and  water-based  recreational  develop¬ 
ments;  however,  the  flood  control  storage  behind  the  dam  would  be  minimal 
because  of  the  increased  channel  capacity  downstream.  The  reservoir  would 
have  a  conservation  pool  of  4,000  acre-feet  plus  a  reserve  of  13,000  acre- 
feet  for  sedimentation  and  a  flood  control  storage  of  4,000  acre-feet. 

6.089  With  the  existence  of  a  permanent  lake,  the  potential  for  a  limited 
lake  fishery  and  associated  recreational  facilities  exists.  Also,  a  more 
assured  source  of  water  supply  would  be  provided  to  meet  downstream  needs, 
while  at  the  same  time  improve  desired  river  flows. 

6.090  The  environmental  effects  of  this  alternative  would  be  similar  to 
those  discussed  for  the  proposed  action  and  alternative  11,  although  the 
adverse  effects  on  the  valley  environment  would  be  reduced  because  of  the 
smaller  flood  pool  The  minimal  amount  of  flood  protection  provided,  as 
compared  to  the  cost,  makes  this  alternative  lack  economic  feasibility 
(benefit-cost  ratio  =  0.65). 

ALTERNATIVE  14:  COMBINATION  OF  BOUNDARY  FLOODWAY  AND  REDUCED-SIZE  OF 
PEMBILIER  DAM 

6.091  This  alternative  includes  the  construction  of  a  small  diversion 
dam  downstream  from  Walhalla  and  an  associated  32.6  miles  of  flood  diver¬ 
sion  channel  along  the  International  boundary  in  conjunction  with  a  re¬ 
duced-size  Pembilier  Daw.  The  Pembilier  Dam  of  this  alternative  would  be 
identical  to  the  dam  in  alternative  13  in  size,  function,  operation  and 
economic  value. 

6.092  Environmental  impacts  of  this  alternative  would  be  similar  to  those 
discussed  for  the  boundary  floodway  (alternative  7)  with  additional  im¬ 
pacts  associated  with  the  permanent  lake  and  flood  control  pools  of  the 
dam.  Although  providing  a  high  degree  of  flood  protection  for  the  flood 
prone  areas  of  the  basin,  this  alternative  is  not  economically  feasible 
(benefit-cost  ratio  =  0.79). 

ALTERNATIVES  CONTRIBUTING  TO  NATIONAL  OBJECTIVES 

6.093  The  Water  Resources  Council  in  1971  adopted  the  Principles  and 
Standards  for  Planning  Water  and  Related  Land  Resources.  The  principles 
and  standards  were  developed  in  response  to  the  1965  Water  Resources 
Planning  Act  that  directed  that  "plans  for  the  use  of  the  Nation's  water 
and  related  land  resources  will  be  directed  to  improvement  in  the  quality 
of  life  through  contributions  to  the  objectives  of  national  economic  de¬ 
velopment  (NED)  and  environmental  quality  (EO)."  The  Principles  and  Stand¬ 
ards  recognize  NED  and  EQ  as  co-equal  national  objectives  and  as  such  they 
must  be  considered  along  with  other  alternative  plans. 


6.094  National  Economic  Development  (NED)  Alternative  -  The  NED  plan 
attempts  to  address  the  range  of  planning  objectives  for  an  area  while 
maximizing  the  net  economic  benefits.  These  benefits  result  from  in¬ 
creases  in  the  output  of  goods  and  services  derived  from  the  plan.  Al¬ 
ternative  4,  the  proposed  multi-purpose  reservoir  had  the  highest  net 
benefits  and  benefit-cost  ratio  and  thus  constitutes  the  NED  plan. 

6.095  Environmental  Quality  (EQ)  Alternative  -  The  EQ  plan,  like  the 
NED  plan,  attempts  to  address  the  range  of  planning  objectives  while 
emphasizing  contributions  to  aesthetic,  ecological,  and  cultural  values. 
Beneficial  environmental  quality  contributions  are  made  by  preserving, 
maintaining,  restoring,  or  enhancing  the  significant  environmental 
attributes  of  the  Pembina  River  basin.  The  various  structural  and  non- 
structural  alternatives  previously  discussed  were  evaluated  in  an  en¬ 
vironmental  context  to  develop  an  implementable  EQ  plan.  From  this 
analysis  it  was  determined  that  the  EQ  plan  would  include: 

a.  Boundary  floodway  (alternative  7). 

b.  Off-channel  storage  at  Neche  for  water  supply. 

c.  Floodplain  regulation  and  flood  insurance  at  flood  prone 
communities  and  rural  reas  in  the  basin  (alternative  1) . 

d.  Flood  warning  and  forecasting  (alternative  2). 

e.  Modifications  to  existing  levees  at  Neche  (alternative  10). 

f.  Land  management  practices  consistent  with  environmental 
quality  objectives. 


The  benefit-cost  ratio  for  the  EQ  alternative  is  1.15. 


7  000  THE  RELATIONSHIP  BETWEEN  LOCAL  SHORT-TERM  USES  OF  MAN'S  ENVIRONMENT 
AND  THE  MAINTENANCE  AND  ENHANCEMENT  OF  LONG-TERM  PRODUCTIVITY 

7.001  We,  the  present  generation,  are  the  trustees  of  existing  envi¬ 
ronmental  resources  for  future  generations.  Current  actions  can  restrict 
the  options  available  to  future  generations  for  utilization  of  these 
resources  and  mitigation  of  problems.  We  should,  therefore,  justify  our 
present  commitment  of  these  resources • 

7.002  The  proposed  Pembilier  Lake  and  Dam  is  not  seen  to  be  a  short¬ 
term  use  of  the  environment.  Although  economic  benefits  accruing  in 
the  floodplain  are  often  perceived  to  be  a  short-term  use  of  the 
environment,  this  view  is  based  on  philosophical  viewpoints  and  econ¬ 
omic  theory,  not  on  physical  phenomena.  The  reason  for  this  is  that 
flood  control  capabilities  of  the  structure  can  be  maintained  far 
beyond  the  period  of  economic  analysis.  For  example,  when  the 
allocated  sediment  storage  is  exhausted,  flood  control  storage  could 
be  maintained  to  a  somewhat  more  limited  extent  by  reservoir  flushing 
or  a  somewhat  lesser  degree  of  flood  control  could  be  accepted. 
Consideration  of  future  economic  factors  at  the  present  time  would  be 
of  little  significance  because  the  nature  of  compound  interest  renders 
remote  capturing  of  benefits  and  incurring  of  costs  of  little  consequence, 
and  thus  would  have  no  appreciable  results  on  project  design.  However, 
it  is  appropriate  to  consider  long-term  environmental  factors  which 
extend  well  beyond  periods  significant  for  analysis  of  effects  on 
national  or  regional  economic  development.  For  the  environmental 
quality  planning  objective,  a  legitimate  goal  would  be  to  achieve  a 
desirable  level  of  environmental  quality  during  or  at  the  end  of  the 
period  of  analysis  and  to  maintain  this  level  into  the  indefinite  future. 

7.003  Implementation  of  the  proposed  reservoir  would,  over  the  period 
of  economic  analysis,  result  in  regional  and  national  economic  returns  in 
excess  of  project  costs,  i.e.  the  project  has  a  favorable  eco¬ 
nomic  benefit/cost  ratio.  Benefits  would  accrue  through  reduction  of 
damages  for  almost  all  but  the  very  rare  floods;  although  most  of  the 
economic  benefits  would  accrue  through  control  of  the  smaller,  more 
frequent  floods.  Although  non-quantif iable  benefits  and  costs,  such 
as  social  benefits  resulting  from  reduced  anxiety  and  creation  of  re¬ 
creational  opportunities,  and  destruction  of  parts  of  natural  ecolo¬ 
gical  systems,  are  recognized,  and  to  some  extent  identified  during 
the  planning  process,  they  are  not  amenable  to  a  concise  type  of  eco¬ 
nomic  analysis  -  the  principal  method  used  to  determine  project  feasi¬ 
bility.  Qualitative  factors,  for  this  reason,  must  receive  serious 
consideration  when  determining  the  acceptability  of  an  economically 
feasible  project. 


7.004  Creation  of  Pembilier  Dam  and  Lake  would  result  in  the  perm¬ 
anent  loss  of  about  800  acres  of  a  unique  terrestrial  system.  It 
would  also  alter  the  productivity  of  the  remaining  components  of  the 
basin's  ecosystems  either  directly  or  indirectly.  Because  of  our 
limited  understanding  of  the  intricacies  of  biological  systems  and 
our  inability  to  accurately  predict  environmental  consequences  of 
specific  actions,  much  of  this  environmental  impact  statement  is  filled 
with  speculations  of  possible  consequences.  Hopefully,  this  spec¬ 
ulation  is  based  on  empirical  data  and  represents  a  "current  best 
estimate"  of  these  consequences.  Changes  in  plant  and  animal  commun¬ 
ities  would  occur  both  in  the  river  valley  and  downstream  as  a  result 
of  the  project.  Providing  the  level  of  flood  protection  at  the 
present  time,  by  the  recommended  plan,  would  limit  the  flood  control 
options  available  in  the  future.  Loss  of  9.5  miles  of  free  flowing 
stream  would  further  reduce  an  already  diminishing  supply  of  this  en¬ 
vironmental  category. 

7.005  When  deciding  between  two  or  more  economically  feasible  plans, 
non-quantif iable  environmental  and  social  factors  may  result  in  the 
selection  of  a  plan  that  is  not  the  one  with  the  maximum  benefit/cost 
ratio.  Additionally,  social  pressures  from  certain  citizen  groups,  i.e. 
local  residents  and  environmental  organizations,  can  influence  the  final 
recommendation  between  economically  feasible  plans. 

7.006  Principles  and  Standards  of  the  Water  Resource  Council  requires 
the  formulation  of  two  plans  with  generally  conflicting  objectives. 

One,  the  NED  (National  Economic  Development)  plan  is  developed  with 
the  objective  of  maximizing  economic  concerns.  The  other  required 
plan,  the  EQ  (Environmental  Quality)  plan,  attempts  to  maximize  the 
environmental  quality  of  the  project  area.  It  is  the  purpose  of  this 
procedure  to  develop  a  compromise  plan  that  gives  equal  consideration 
to  both  of  the  above  objectives.  It  is  during  this  procedure  that 
tradeoffs  should  be  identified.  The  proposed  project  is  viewed  as  a 
compromise  plan  that  meets,  to  various  degrees,  the  identified  water  Re¬ 
source  objectives  of  the  basin.  The  inclusion  of  lands  in  addition  to 
those  required  for  the  project  purpose  of  flood  storage  can  be  viewed 
as  a  tradeoff.  These  lands,  however,  should  be  considered  as  a  form 
of  compensation  (given  as  an  equivalent  for  losses  suffered)  for  the 
wildlife  production  lost  within  the  flood  pool  area.  Aspects  of  the  pro¬ 
ject  operation,  such  as  multiple  gated  discharge  facilities  and  low  flow 
augmentation,  are  considered  as  possible  mitigation  factors,  i.e.  fea¬ 
tures  that  would  reduce  the  severity  of  project  effects.  Although 
the  production  lost  on  project  lands  can,  to  some  extent,  be  com¬ 
pensated  for  by  increasing  production  on  similar  lands  in  other 
areas,  the  loss  of  the  ecological  system  that  evolved  on  the 
project  lands  cannot  be  compensated.  The  effects  of  the  loss  of  this 


natural  system  should  be  considered  a  non-quantif iable  cost  of  the 
project.  Future  generations  would  forego  the  environmental  bene¬ 
fits  associated  with  this  system  and  would  therefore  suffer  the  en¬ 
vironmental  costs  of  our  decision. 

7.007  A  realistic  estimation  of  the  economic  worth  of  the  existing 
river  valley  as  a  biological  system  is  not  feasible  at  the  present 
time.  An  attempt  to  place  a  monetary  value  on  the  environmental 
effects  of  the  project  can,  however,  be  accomplished  by  comparing 
the  boundary  floodway  with  the  proposed  project.  The  proposed  re¬ 
servoir  and  the  floodway  provide  flood  protection  from  events  with 
expected  frequencies  of  36  and  11  percent,  respectively.  The  difference 
in  benefits  between  the  two  plans  that  would  be  attributed  to  the  re¬ 
duction  in  U.S.  flood  damage  is  approximately  $522,000  per  year.  It 
could  be  assumed  that  the  difference  between  the  environmental  impacts, 
both  social  and  biological,  of  these  plans  would  have  a  value  equal 
to  or  less  than  the  monetary  difference.  The  value  of  the  environment 
could  therefore  be  reflected  as  a  maximum  of  $552,000  vhich  represents 
a  tradeoff  between  environmental  and  economic  factors,  but  does  not 
take  into  account  the  societal  factors  within  the  region  and  the 
international  area. 

7.008  It  is  not  presently  possible  to  accurately  predict  the  concerns 
and  attitudes  of  future  societies,  particularly  as  the  more  distant 
future  is  considered.  They  may  view  the  natural  environment  of  their 
period  with  much  more  concern  than  we  do  and  may  be  able  to  implement 
their  concerns  more  effectively  than  we  presently  are  capable  of  doing. 
This  view  is  not  unreasonable  based  on  the  recent  trends  in  "environ¬ 
mental  awareness"  and  the  continued  depletion  of  environmental  resources. 
It  is  also  possible  that  future  societies,  because  of  the  inability  of 
technology  to  keep  pace  with  population  increases,  would  place  less 
emphasis  on  environmental  concerns  and  more  emphasis  on  economic  worth. 

7.009  It  remains  for  society  to  decide  on  the  acceptability  of  the 
project  based  on  past  experience,  economic  feasibility,  urgency  of  the 
situation,  and  environmental  consequences. 


8.000  IRREVERSIBLE  AND  IRRETRIEVABLE  rOMMITMEMTS  DR  RESOURCES 

8.001  Certain  irreversible  commitments  of  aesthetic,  biological,  and 
archaeological  resources  have  been  mentioned  earlier.  While  some  positive 
effects  on  these  resources  may  be  considered  as  irreversible  and 
irretrievable,  it  is  the  negative  effects  which  are  of  most  concern,  and 
the  reader  is  referred  to  the  earlier  listings  of  negative  effects  which 
are  not  identified  as  being  temporary.  Most  of  these  commitments  would 
be  irreversible  and  irretrievable  for  practical  purposes  (as  when  re¬ 
covery  would  require  the  long  time  spans  involved  in  biological  succession) , 
while  commitments  of  archaeologic  or  historic  resources  would  be 
irreversible  in  the  absolute  sense  since  the  stratigraphy  of  the  site 
could  only  be  investigated  once. 

8.002  Of  long-term  social  significance  would  be  the  present  commitment 
of  the  site  to  reservoir  development.  In  this  regard,  it  is  appropriate 
to  consider  that  a  site  having  the  regionally  unusual  engineering 
qualities  necessary  for  development  of  a  large  reservoir  would  be  committed 
at  this  time  to  uses  for  flood  damage  reduction,  recreation  and  water 
supply.  Alternate  uses,  or  another  scale  of  uses  for 
present  purposes,  would  be  foreclosed  to  varying  extent.  One  of  the 
problems  is  trying  to  foresee  future  needs  and  demands  and  incorporating 
the  basic  structural  features  at  this  time  in  a  justified,  economical 
manner.  Examples  of  such  features  are  provision  for  a  multiple-gated 
outlet  structure  of  adequate  size  (which  Is  included  in  the  plan)  or 
an  embankment  design  which  allows  for  operation  as  a  "dry"  dam  or  "marsh". 

It  may  be  technically  feasible  to  alter  the  structures  in  the  future 
to  meet  other  needs  and  demands,  but  once  the  site  is  developed,  eco¬ 
nomic  justification  for  changes  may  be  lacking.  In  this  regard,  under¬ 
development  of  the  site  is  considered  more  serious  because  of  the  rela¬ 
tively  greater  costs  of  project  modifications  and  because  most  of  the 
economic  benefits  are  captured  during  the  smaller-scale,  but  more  fre¬ 
quent  events.  Greater  development,  or  overdevelopment  of  the  site,  is 
also  of  concern,  but  this  is  usually  constrained  by  economic  factors, 
extensive  relocations  or  other  impingements  on  property  rights,  or  geo¬ 
graphical  constraints  such  as  when  water  cannot  be  backed  into  Canada. 

8.003  The  utility  of  the  site  for  multi-purpose  reservoir  development 
would  decrease  with  time  in  the  order:  fish,  recreation,  low-flow  aug¬ 
mentation,  wildlife,  and  flood  damage  reduction.  The  reason  for  this 
order  is  that  sedimentation,  for  example,  would  decrease  the  utility  of 
the  site  for  low-flow  augmentation  before  flood  control  storage  is  signifi¬ 
cantly  reduced.  Recreation  is  near  the  head  of  the  above  list  because 
water-based  recreation  comprises  a  large  portion  of  the  recreational  bene¬ 
fits  of  the  proposed  reservoir  and  because  this  type  of  recreation  would  be 
one  of  the  first  to  be  adversely  affected  by  sedimentation,  poor  fish 
production  and  water  quality.  Some  economically  less  important  recrea¬ 
tional  endeavors,  such  as  waterfowl  hunting,  would  remain  viable  for  a 
longer  period  of  time. 

8.004  Of  some  concern  for  those  who  are  convinced  of  the  merit  of  the 
reservoir  is  the  desire  to  commit  the  site  to  reservoir  development 
before  an  unforeseen  social  need  or  demand  renders  such  use  unavailable. 


9.000  COORDINATION  WITH  OTHER  AGENCIES  AND  INTERESTS 

9.001  The  Pembina  River  basin  study  was  initiated  in  1950  and  evolved 
into  a  joint  United  States-Canadian  investigation  conducted  by  the 
International  Pembina  River  Engineering  Board  and  interested  Federal 
and  State  or  Provincial  agencies  of  both  countries.  Several  reports 
have  been  completed  on  the  Pembina  River  flood  problem.  One  of  the 
more  recent  was  completed  by  the  International  Pembina  River  Engineering 
Board  for  the  International  Joint  Commission  in  1964  and  was  followed 
by  a  separate  Commission  report  in  1967.  These  reports  recom¬ 
mended  construction  of  two  dams,  one  in  each  country,  for  flood  control, 
irrigation,  water  supply,  and  recreation.  Because  of  high  cost,  Canada 
was  unable  to  participate  in  the  recommended  project. 

9.002  Subsequently,  because  of  the  local  interest  expressed  for 
construction  of  flood  protection  works  to  prevent  a  recurrence  of  the 
damages  caused  by  the  1966,  1969,  and  1970  floods,  the  Corps  of 
Engineers  initiated  a  feasibility  study  of  the  Pembina  River  basin 
in  the  interest  of  flood  control,  water  supply,  and  recreation. 

9.003  Upon  assignment  of  the  feasibility  study  in  1971,  all  agencies 
which  might  have  an  interest  in  the  study  were  notified.  Of  particular 
note  was  the  establishment  in  the  spring  of  1971  of  a  Pembina  River  Basin 
Planning  Committee.  This  committee  held  several  meetings  and  provided 
substantial  input  as  the  work  progressed.  Two  subcommittees,  on 
ecology  and  recreation,  were  also  very  active.  The  committee  and  the 
subcommittees  were  selected  by  local  interests  and  were  composed  of 
State  and  Federal  officials  and  interested  area  residents.  Several 
conferences,  meetings,  and  conversations  were  held  in  the  course  of  the 
investigation  with  residents  and  officials  at  all  governmental  levels. 

The  Fish  and  Wildlife  Service  made  important  recommendations  and 
contributions  as  did  the  Manitoba  Department  of  Mines,  Resources,  and 
Environmental  Management.  A  draft  report  was  completed  in  May  1972. 
Recommendations  of  this  report,  which  included  construction  of  a  dam 
and  related  works,  were  contingent  upon  Canadian  participation  in  pro¬ 
portion  to  the  benefits  received  by  that  country.  Since  that  time, 
continuing  negotiations,  through  the  Departments  of  State  of  the  two 
countries,  have  led  to  the  establishment  by  Canau^  of  a  Pembilier  Dam 
Review  Committee.  This  committee  completed  a  report  in  1974  on  the 
procedure  for  cost  sharing,  subject  to  an  updating  of  cost  and  bene¬ 
fit  data  presented  in  the  report.  Since  this  report,  several  meetings 
have  been  held  between  the  Department  of  State,  State  of  North  Dakota, 
and  local  interests  to  resolve  problems  associated  with  project  cost 
sharing  and  the  existing  levee  road  constructed  along  the  border. 
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9.004  A  status  report  was  prepared  and  distributed  to  interested 
agencies  and  individuals  in  April  1975  to  inform  those  involved  of  the 
anticipated  schedule  for  completing  the  feasibility  study.  This  report 
also  summarized  present  conditions,  problems  and  needs,  the  study  his¬ 
tory,  and  recent  study  and  coordination  efforts.  Comments  and  questions 
were  requested  from  all  agencies  and  individuals  contacted. 

9.005  Coordination  with  the  Fish  and  Wildlife  Service  and  the  North 
Dakota  Game  and  Fish  Department  regarding  a  satisfactory  plan  to 
compensate  wildlife  habitat  losses  which  would  be  incurred  with  construc¬ 
tion  of  the  selected  plan  is  continuing.  Mutual  agreements  Have"  been 
reached  concerning  total  acreage  requirements,  purchase,  fencing’ 
and  operation  and  maintenance  of  the  proposed  mitigation  areas 
based  on  preliminary  analyses.  Information  relating  to  the  proposed 
mitigation  is  included  in  the  revised  draft  environmental  statement  as 
exhibit  17... 

9.006  The  draft  environmental  impact  statement  was  distributed 
to  the  various  International,  Federal,  State,  and  local  agencies  and 
interested  individuals  for  their  review  and  comments  as  listed  below. 

U.S.  Environmental  Protection  Agency 
U.S.  Department  of  Agriculture 
Forest  Service 
Soil  Conservation  Service 
U.S.  Department  of  Commerce 

U.S.  Department  of  Health,  Education,  and  Welfare 
U.S.  Department  of  Housing  and  Urban  Development 
U.S.  Department  of  the  Interior 
Bureau  of  Indian  Affairs 
Bureau  of  Land  Management 
Bureau  of  Mines 
Bureau  of  Outdoor  Recreation 
Fish  and  Wildlife  Service 
Geological  Survey 
National  Park  Service 
U.S.  Department  of  Transportation 
Federal  Energy  Administration 

Canadian  Department  of  the  Environment 

International  Pembina  River  Engineering  Committee,  Canadian  Section 
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North  Dakota  Department  of  Agriculture  and  Labor 
North  Dakota  Game  and  Fish  Department 
North  Dakota  Indian  Affairs  Commission 

North  Dakota  Natural  Resources  Coordinator  ® 

North  Dakota  Park  Service 

North  Dakota  Soil  Conservation  Commission 

North  Dakota  State  Archaeologist 

North  Dakota  State  Department  of  Health 

North  Dakota  State  Geological  Survey 

North  Dakota  State  Highway  Department  ® 

North  Dakota  State  Historical  Society 

North  Dakota  State  Outdoor  Recreation  Agency 

North  Dakota  Water  Users  Association 

Minnesota  Department  of  Natural  Resources 

Minnesota  Environmental  Quality  Council  W~" 

Minnesota  Pollution  Control  Agency 
Garrison  Diversion  Conservancy  District 
Upper  Mississippi  River  Basin  Commission 

Cavalier  County  Board  of  Commissioners 

Pembina  County  Water  Management  District  V 

Pembina  River  Basin  Planning  Committee 
Mayor,  Neche,  North  Dakota 
Mayor,  Walhalla,  North  Dakota 

Ducks  Unlimited 

Friends  of  the  Earth  • 

Lewis  and  Clark  Environmental  Association 

National  Audubon  Society 

National  Farmers  Organization 

National  Wildlife  Federation 

North  Dakota  Association  of  Soil  Conservation 

North  Dakota  Farmers  Organization  ^ 

North  Dakota  Water  Users  Federation 

North  Dakota  Wildlife  Federation 

Pembina  River  Flood  Control  Association 

Sierra  Club 

The  Wildlife  Society 

Wildlife  Management  Institute  • 

9.007  After  distribution  of  the  draft  environmental  impact  statement, 
and  the  draft  feasibility  report  several  meetings  were  held  with  manv 
local.  State,  and  Federal  interests  to  review  the  proposed  project  and 
to  fully  identify,  evaluate,  and  respond  to  the  expressed  areas  of  concern. 

Local  interests  and  representatives  who  reviewed  the  proposed  plan  included  » 

the  Pembina  River  Basin  Association,  the  cities,  counties,  and  township 
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governmental  units,  the  county  water  boards,  and  the  interested  public. 
North  Dakota  State  Agency  representatives  of  the  Water  Commission, 

Fish  and  Game,  and  Park  Service  regularly  attended  and  participated 
in  the  local  meetings. 

9.008  In  addition,  meetings  were  conducted  with  the  various  local 
and  State  recreation  interests  to  assure  that  the  proposed  recrea¬ 
tional  plan  was  acceptable.  As  a  result  of  these  meetings  and 
subsequent  refinements  of  the  proposed  recreational  plan,  the  North 
Dakota  State  Park  Service  has  agreed,  by  letter,  to  work  closely 
with  the  local  recreation  entities  to  develop  arrangements  prior  to 
construction  of  the  project  for  cost  sharing  the  allocated  recreation 
costs. 

9.009  The  proposed  project  also  includes  a  provision  for  supplying  an 
additional  water  source  to  meet  the  current  and  projected  water  supply 
demands  of  the  basin  and  in  a  small  portion  of  the  bordering  Province 
of  Manitoba.  In  this  regard  the  North  Dakota  State  Water  Commission 
has  provided  a  resolution  of  intent  to  assume  the  allocated  non-Fed- 
eral  water  supply  costs  of  the  proposed  project. 

9.010  In  addition  to  certain  State  agencies  maintaining  constant 
involvement  in  the  study,  other  State  agencies  were  kept  informed  by 
involvement  in  the  meetings  of  the  Natural  Resource  Council.  This 
council,  is  comprised  of  representatives  from  all  State  agencies. 

9.011  Since  establishing  a  schedule  for  completion  of  the  final 
feasibility  report  in  April  1976,  almost  continuous  coordination  has 
been  maintained  with  the  U.S.  Fish  and  Wildlife  Service  (U.S.  F&WS) 
in  development  of  a  justified  compensation  area  for  the  proposed 
project.  The  coordination  program  involved  many  meetings  held  in  both 
the  Bismarck  Area  Office  of  the  U.S.  Fish  and  Wildlife  Service  and  in 
the  St.  Paul  District  Corps  of  Engineers  office.  Other  meetings  re¬ 
garding  development  of  the  compensation  area  have  been  conducted  in 
the  proposed  project  area  with  local  interests.  An  Interagency  Field 
meeting  was  also  accomplished  in  June  1975.  The  purpose  of  this  meet¬ 
ing  was  to  familiarize  agency  representatives  of  the  U.S.  Fish  and 
Wildlife  Service,  the  North  Dakota  State  Game  and  Fish  Department, 
and  the  Corps  of  Engineers  with  the  project  area;  to  gather  data  for 
the  "Ecological  Planning  and  Evaluation  Procedures"  which  were  devel¬ 
oped  by  the  joint  Federal-State-private  conservation  Organization 
Committee  (January  1974),  and  to  exchange  views.  U.S.  Fish  and 
Wildlife  Service  meetings  concerning  the  ecological  planning  and 
evaluation  procedures  were  also  attended  by  Corps  of  Engineers  per¬ 
sonnel  in  Denver,  Colorado,  and  Green  Bay,  Wisconsin.  The  overall 
results  of  this  extensive  coordination  program  are  identified  in  the 
final  U.S.  Fish  and  Wildlife  Service  report  (copies  are  on  file  in 
the  District  Office).  This  report  analyzes,  by  use  of  the  ecological 
planning  and  evaluation  procedures,  the  effects  of  the  proposed 
Pembilier  Dam  and  Lake  project  on  the  fish  and  wildlife  resources  in 
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the  area  of  the  project  influence.  Additional  information  regarding 
mitigation  may  be  found  in  exhibit  17.  Also,  the  main  report  contains 
a  coordinated  study  program  of  detailed  compensation  evaluation  invest¬ 
igation  proposed  to  be  undertaken  during  the  initial  phases  of  post¬ 
authorization  studies. 

9.012  More  recent  coordination  has  been  maintained  with  the  U.S. 
Environmental  Protection  Agency  regarding  a  cooperative  approach  to 
the  water  quality  problems  expected  with  the  proposed  project. 

Three  meetings  were  held  with  the  Environmental  Protection  Agency. 

The  first  meeting,  which  was  held  in  Chicago,  helped  to  define  the 
water  quality  criteria  that  would  be  acceptable  for  any  project. 
Environmental  Protection  Agency  representatives  indicated  they  might 
still  express  concern  but  would  not  object  to  a  project  on  the  basis 
of  water  quality  if  the  following  conditions  were  met: 

a.  The  project  provided  a  beneficial  use  for  the  area. 

b.  The  State  did  not  object  to  the  project. 

c.  The  expected  water  quality  conditions  with  the  project  could 
meet  or  be  modified  to  meet  the  State  Water  quality  standards. 

Based  on  the  results  of  the  Chicago  meeting,  a  second  meeting  with  the 
Environmental  Protection  Agency  was  held  in  St.  Paul,  Minnesota,  to 
discuss  more  specifically  the  expected  water  quality  problems  of  the 
proposed  Pembilier  project.  Representatives  of  the  North  Dakota  State 
Department  of  Health,  the  North  Dakota  State  Water  Commission,  and  the 
Manitoba  Water  Resources  Division  also  participated  in  the  meeting. 

All  agencies  agreed  that  the  proposed  lake  would  become  eutrophic; 
however,  additional  water  quality  analyses  are  needed  to  completely 
assess  the  degree  of  eutrophication  and  to  evaluate  various  types  of 
nutrient  control  measures  for  reducing  the  frequency  and  intensity  of 
the  expected  water  quality  conditions.  At  this  time  sufficient  water 
quality  data  do  not  exist  to  make  these  analyses.  A  monitoring  program 
to  collect  the  necessary  water  quality  data  has  been  established  and  will 
be  initiated  in  April  1976. 

9.C13  Another  meeting  was  held  in  Corvalles,  Oregon,  with  representa¬ 
tives  from  EPA's  Environmental  Research  Laboratory.  The  purpose  of  this 
meeting  was  to  exchange  technical  information  and  to  further  develop  the 
coordinated  approach  to  future  water  quality  studies. 

9.014  Comments  on  the  draft  environmental  statement  were  received  from 
the  following: 
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li.S.  Environmental  Protection  Agency 
U.S.  Department  of  Agriculture 
Forest  Service 
Soil  Conservation  Service 
U.S.  Department  of  Commerce 

U.S.  Department  of  Health,  education  and  Welfare  A 

U.S.  Department  of  the  Interior 
Bureau  of  Indian  Affairs 
Bureau  of  Land  Management 
Bureau  of  Mines 
Bureau  of  Outdoor  Recreation 

Bureau  of  Reclamation  ft 

Geological  Survey 

Fish  and  Wildlife  Service 

National  Park  Service 

U.S.  Department  of  Transportation  -  Federal  Highway  Administration 
Federal  Power  Commission 

Upper  Mississippi  River  Basin  Commission  ft 

North  Dakota  Forest  Service 

North  Dakota  Game  and  Fish  Department 

North  Dakota  Highway  Department 

North  Dakota  Outdoor  Recreation  Agency 

North  Dakota  State  Department  of  Health 

North  Dakota  State  Park  Service  ft 

North  Dakota  State  Planning  Division 

North  Dakota  State  Water  Commission 

State  Geologist,  North  Dakota 

State  Historical  Society  of  North  Dakota 

Pembina  County  Commissioners 

North  Dakota  Water  Users  Association  ft 

North  Dakota  Wildlife  Federation 

9.015  Letters  of  comments  on  the  draft  impact  statement  appear  on  the 
following  pages  of  this  report,  with  Corps  responses  juxtaposed.  All 
comments  referring  directly  to  the  feasibility  report  a  re  answered 

in  that  report.  ft 

9.016  Copies  of  the  revised  draft  impact  statement  were  mailed  to 
all  known  interest  in  June  1976,  prior  to  review  by  the  Board  of  Engineers 
for  Rivers  and  Harbors  and  the  Office,  Chief  of  Engineers.  This 
review  resulted  in  no  changes  to  the  revised  draft  report,  and  it  was 

filed  with  the  President's  Council  on  Environmental  Quality  in  May  ft 

1977. 

9.017  Letters  of  comment  on  the  revised  draft  impact  statement 
were  received  from  the  following. 

U.S.  Department  of  the  Interior  v 

U.S.  Environmental  Protection  Agency 
U.S.  Department  of  Agriculture 

U.S.  Department  of  Health,  Education,  and  Welfare 

U.S.  Coast  Guard 

U.S.  Department  of  State 

North  Dakota  State  Water  Commission  ^  P 

Copies  of  these  letters  along  with  Corps  responses  begin  on  page 
174  of  this  document. 


•  •  ft  ft  •  t 


112 


H 

2 

2 

2 

© 

w  *2 
CM  C 

o  (Q 


(0 

w 

§ 

0U 

(0 

u 

2 


I 


c,  x  1/ 

I  4,  3  I 

u  w  it  r 

C.  ’A  -X  —  < 

5*  O  3  C  • 

B  Cl  X  £  : 


O  —  •->  —  u  c 

I  .  k.  —  0»  —  C  W 

»  —  J»  *-<  .C  3  3 

.  C.  C  3  C 

>  si  x  <t  w  cr  >  .  — 


W  0£  *j 
C  3  kw  — 
—  03-3 


I  ao  G.  f"  *3  • 
ICO*  0  3 
I  —  X  00  o  — 


U  V  LJ  — 

Cj  O  ^  -C 

.  a.  3  i-  a  x 

0-3  1/  flj  — «  S 
a;  cl  u 
X  U  O  OC  O 


>  i-  £  4/  v 

O  50  4)  C.  . 

<w  i«  3  3S  u  i 


C  *-*  X 

:  o  e  —  -  : 

L  —  <fl  <  CU  £ 


-h  3  oj  3  a 

3  k.  X  C 

3  G  4/  X  3 

3*—  J38 


l  Si  >  -*  1< 

—  £  -3  £ 

.  C  *j  O  1<  *-* 

;  3  3  V-  y. 

C  C.  —  * 

•-  3  u  >  y  <■ 

o  a>  x  a/  > 

:  —  w  w.  — 

;  3  3  —  V  3 

<  3  £  C  ' 

»  —  X  3  *4  k. 

i  —i  x  a-  y  . 

)  —  u  c  *-• 

:  3  3  u  —  — 

i  a  *  3  - 

IX  *-*  -3 

3/  4*  3  V  Z 

•s  —  £  3  G  3 

j  -3  *j  —  £ 

<3  k-  ■—  3 

h  00  o  u  —  . 
3  X  C  w  -3  : 

J  -»4 

r  >.  3  —  d  u  • 

*J  3  3  u  £  - 

•  —  —  —  o  - 


x  x  x  £  O 

O  O  *-<  — 
v  a.  c.  — 

b:  J  i 

3  3  0  ~ 


C-  X  O  Oi 

o  s  X  i 
—  3X0 


4)  3  •- •  X  »-• 

£>  c  —  a»  c 

—  3  u  a> 

—  00  3  X 


vi  in  l.  r 
<3  0  3  4-) 
£0-0 
O  C 
>s  t.  -  ■£: 
O  CL  TO 

c  oj  ts 

<u  aj  «j  aj 

CD  JZ  (/)  4_> 

<  ^  O)  c 

_  .  =  <u 

c  k  cr  y, 

o  o  a»  oj 


0*  CO  O  r— 
+f  *-  >1  3 
O  Ui  — 


<3  0/  •  e 

«  E  ID 

C  0)  4-1  0/ 

g^SS 


■>  O  4-»  c 
C  3  fc-  o 
UJ  aO'r 


*♦-  <_J 

o  «— 

T3  O 

j"  c  — 

o  <a  ir> 

>>  t-  m 

EO  0/ 

£  c  —  /a 

<3  •«*-  4-» 

o  k.  a>  •«-*  «*-  o 

JC  Ql£  UO  tf> 

oj  a> 

•  C  u  4J  c 
3-pik*)«tC 
CD  O  i/l  O  f- 

x  c  •*-  a.  x. 

<gujvo 

*:  c 

*>  0»-<Xf- 

*7  O  e  3  -3 
4)  -f  V  3  3  <3 

C  k.  k.  a.  Cl 

o  «  io  «n 

<—  </»  a.  >  at  - 

O  —  0/  4->  r-  4-> 

o  Q  Q  1/1  —  in 


■*-*'—  •<-  ai  ai 
»3  to  o 

*4-  +4  4->  —  — 

OCUW3 
-  jb  o»  C  C 

0;  E  o  oj 

u  c  o  a  a 

O  u  o 

?♦-  L-  CL-U  <3 

**-  4» 

O  >  E  3  3 

C  <3  3  C 

«—  Qj  Q  r—  ft} 

U 

*->  TO  C  ^ 

>  •«-  C  —  k- 
<3  (3  C 
c  u  o  a 

O  TO  0)  «x  Q 
■JL  „  -X  *-  a  >J 
CD  at  <3  <3  4J| 


4)tJ  4)£f-  3 

xr  O  •-  —  Cr1 

*-*•—*  x> 

(U  ■)-  O)  •*-  k- 

■>-  ^  r-  Irt  at 

0/  S  0/  S  <3; 


_  k.  O  -M  O  O)  <3 

O  a>  >3 3  lA  L. 

-C»>  k.  f—  cro/cy 

*->  c  -r-  Q)  u  3  ^  O  5. 

Q)  OC  IDUOJCCTO 
**-  CD  0/  T3  £1  — 

CO><l3Wt  3  •<-  U  C  TO 
3  KC—  O  QJ  -C  C 

iO  —  <—  Of  C  >  4->  U  3 

EOi  -Q  3  x:  -r-  3  <D 

0-*“T3E34-»  ^-4-)  » 

k-  ^  a>  0/  cr  o  Oj  o  to 

U-  >  CL  -ffl  k  4)  O 

C  F -  k.  LA  ^  U  l/l  |/1 

‘/'-•ojaiaia'ocfljiA 
u  iA0«*/O<-orft) 

OJ  </)*—<30fc-3U*JiA 

1  C  O 

O  >>TO  3  3  U  C  ^  3 

1.4J  r  O/  i/i  aj  oo 

Q  «4-  1/1  —  C-r-  4J 

r—  O  k'  UJ  J  O  w  O)  o 
<D3  C  E  -r-  3  C  C 

3  •>-  0/  O  *->  U  O 

X  CT  <—  k  £  u  ^  .r  c  vi 

♦J  o/  ia  ai  ■*-»  6  3  r  — 

k.  >  E  >  £  C  04J 

k  4)  O  O  •»  IA  003k. 

o*Jf  O  k-<t  XU  U.C-C- 
!3  f—  >—  4->  4->  O 

*»  I  J  £  4)  3  1/13  > 

U  o  X  *0J-<~0J0Jk. 

11  C/-|“«  k*j£  k.  0> 
0.0  3  OX4->«4-<3«A 

(A  “  CD  C  O  3  o  OJ 

<3-*->i/>*—  00.0  »  k/)U 

U  4-*  3  TO  *->  X— • 

gi3C  'A  XC  C  *<  UJ  UE 
C  at/3  Cf-  3  OMi  —l 

■7  E  c  o  o  «  ^  ai  x  - 

£>•»-  C  3  ■»*-  E  f—  X  l-X  Qk 

u  o  4^  OJ  r—  Oj  3  4-J  O 

3  LA  O  *  -f-  U  •—  >  l_4. 

4->4J  33*j  >  li  «*-4->c 

•A  **“  4-J  C  C.  X  E  3  O  3  c 

•r-  C3O0JEO  OJ 

T3  IA  Oi  E  U  31AX1A  a 

■r-  -r-  o  i/>o  cr  oj  3  k 

♦J  kT3  |.f  03—  <t 

lA  4->  *->  O  k-  ♦ —  O  O  14- 

OC3C-—4-»0j  UCOV 
E  —  C  OJ  *4-  O  —  X  OJ  -«- 

O  O'  0/  >—  c 

ll  Q£  Xl'TA  li  OU> 
TO  OX  O  O  X  E  —  •*-  34. 

4->  c  —  0  —  k-  g  —  -o'*-  q  a 

mx  o  a/  4-)  o  oj  E  >/ 

*A  4J  r—  CD  Q-  C  TO  —  fl 

OlA^-«3C0»  ■—  O  k. 

3  OO  —  XQjOQ.fc.OJ 

x  <—  —  w.  4J  x  4-*oxa 

k-3XE3  4-)  T3  (A  **3  4-»  jc 
0)  *J  k.  S  3  k.  003  4- 

CL  c  O  X  o  5>S  —  O  E  - 

J14J  U3fc-£  k  TO  k. 

EtAOC  Qj4J»0JC 

■  C  ■—  •<-  3Jt"T3  Cl  ia  k. 

—  O  X  X  OOJ  U  ll  I/l 

k-  WO*JWQI>3V 

T  *J£  0/ »—  3  k.,—  oj  u  c 

>  4A  CD  4->  OJ  O  J  1/1  It 

C3  —  3  3  k.  X  W  O  —  — 
0)  Cl  XT  r—  OUIA3XTOC 


OJ  LA  FO 
X  lA  U 
4-»  <V3 

c  *,t- 

'•5  g: 


3  —  c  j 

E  S“J 

£  £  . 
c  e  >.  i 

—  —  4J  i 
E  LA  .— 

£ 5 " 

U-JJ  CTl 
k.  <4 

•  -  a>  : 

CNJ  4->  4-)  1 

k  3 

O  *  - 

a  r- 


>urrer  ,  or,  cne  reservoir  will  be  eutrophic."  The  main  reasons  for 
thin  are:  a)  insufficient  water  quality  data  are  available,  and  b)  no  final 


( 


CORPS  RESPONSES  TO  THE  UNITED  STATES  ESVI  Ki'NMh.Yl  Al.  PKOIT.CIMN  A<>KN<  A 

Paqe  3  (Continued) 


O  r  ~  E 

ti  .  >~ 

ft.  -  -  r 


3C  1CT 

c  n  t  o 

-9  =  o 


T3  7;  ~r  c  c 
CCS—  — 
0  o  o  3  « 


C.  O  L.  W  •  o 

^  4- 

o  >,«—  w  — » 

(/t  c 

C  4/  73  3  4-  V. 

O  C  •J  ad;  c 

.-4/4/  C 

w  >  c  v.  a*  <v 

•r-r  o 

T3  w  e  w  w 

CO  5  0) 

O  fl  i/>  J  i''  v 

U  W  fl  4-  O 


■r-  u  o  <*-  •- 

~  HI  4)  O  w 

«3  £l  ’->  *->  75 

3  W  O  73  4/  — 

cr  k.  .C  3  3 

jj  aw  -  u 

WO  75  •— 

4/  3  4*  </)  >  73 

w  -o  £  S  <0 

71  ll  W  O  dJ 

i  w  —  .c  a ; 

4/  w  x: 

<L  ■—  O  O  *-> 

1/*  —  C  «•-  4/ 


75  •  *  W  Qj 

£  </i  w  -a 
*  Q  4/  •—  73  3 
k/i  O  </•  —  — 

(Jj  . —  3  0  3  U 

WJ3  W  ^  c 

C  •—  75  O 

75  C  4*  l-  C 

O'  o  «  —  4< 

—  —  •-  cr  o  v 

iW  fl  W  i-  >0 

73  w 

W  /  dl  ^  dl  c 

I*.  C  t  Ifl  i/p  o 

73  O  O  ♦- 

w  £  4/  t7  W  w  r- 

T3  O  W  W  73  O 

3  •#-  4i  W  »- 

4*  \S>  5-  •*-  XT  4/  W 

£  O  4l  W  T!  O 
W  C  k- 

fc-  a»  c  k/i 

V>  •/-  >,0  C  W 

•row  o  £ 

>  i/i  w  O 

k-r.  71  C  O 

■  4lf  C  O  ^ 

O  */5  o  O  ■«"  —  w 

.—  m  73  ■-  *j  C  *" 

w  **-  w  —  w 

•WO  4* 

HI  4/J/C^f 

o  0  W  O  75  flj 

W  W  O  O  E  W 


w  —  c  c 

■o  41  75  3  •*-  •<- 

O  C  .C  -C  TJ  <*-  C  >»73 

O  O  W  W  O  W  S-  —  — 

r-  O  .C  73  W  Cl 

>«-  w  4-  wi  «—  cr  i  73 

Qi  U  O  •«-  4-  3  4/75 

.C  */'  4/  ®  h.  2 

w  4>  75  w  i/*  *■  4-  x;  a.  cr>  © 

.C  ©WWOWO  — 

t  w  £  k.  V  O)  C  C  4- 

o  VJC175>£73  73  73 
cr  3  04-4/  o  ^ 

t/i  C  »/i  >.  X  —  W  3  73 

a,-*-  w  4/  O  «0  73  */•  * 

cr  o  -  c  E-C  O-C  c  a-  x: 

73  73  1/*  4/  O  W  W  —  O 

£4/4/0-^"  *  O  Q3 

H3  L  £  k-  a»  k/1  y  E  k^  - 

T3  34-C5/34/LOT3  y 
CooE,'_4J-C:»/30X  *‘4/ 

7307341  O  W  4>  £  W 

0*4/  4/W  OU-  CC 

03£T3cr  4/1-  hr  0  £ 

. —  c  73  *«-  >  a>  o  --  t 

4-  r-  -C3  E  O  -  C  41 

•  73  73  O  >v  h"  3 

cr  v>  w  -  0  >>  </•  v-3  4/  g- 

O'—  3  CT‘  C  i*-  k/i  O  E 

I/IW  c  73  50- —  ^  OklkA-f- 
O3O'-0EW7S0i; 
30300  „  3  P  J1 

O'WWOlrtwt- 
OjUWrt3‘WCCCW<04/73 

4-4/M3J  •«-  4/  0/  ^  W  ^ 

k/i  1  crw-f-w  vri  t  = 

k*-  C^CUUO'  JO 
o  4/  O  o  -  43  ;•-  c.  -  >•.£■'- 

t-  c  O  O  ’*-5«W  u  O  W 

i/i  O  3  4lt-  «J  «  C-" 

CEWd-T3l-3r4JD  U 
71  m  Qj  i/1  W  3-  CT.  QJ  73 

0  -a  .c  -uw  3  t.  -—  > 

E4)W4/  o  ♦/  1/"'*  1  r  41 
i»  >.**-  ox  <4  E  ■£  _ 

—  41  W  C  C  O  1! 

73  T3  C  73  4/  C  OE  C 

k. 'rfl|k.>OV'<“  75  Cl  73 

3  i«TJ  O  l-  »—  C  C 

W  c  <-  k^  W  W  4/  73  73  * 

uo>c>J7j'*->3  ^  ET 

3kJ4/-»-4/U'“OW  'Sc 
L.  k^  i-  QJ  «J  trt  C  «- 

w  4/  i/1  -o  k*-  n-  vrtx:  3  4/  •—  *► 

i^Op-04'«-WO‘-  U**-0 

O  *-*  ■—  73  W  —  O 

o  O  W  *—  >11^  Q  >  o  h 

W—  —  k^75  O  >ii-  •  WWO 
3  73  O  C  C  1/ 

</>OW  '  4/  O  O  k/i  4/  y 

o-cwct-oaiflc  30 

>  i/k  o  O  • —  -C  >  CTT50 

—  fi.  «-  71  3—  •—  k^  C 

*-*  w  4/  W  W  .-0-— 

734/P734/  71  x:  4 

c>  «—  W  ■  C  *—  C  k^  •"  * 

l.  -  >,  3  71  l.  O  71  /*  C 

4/  cr  w  cr  4/4/  —  ■ -1  o  o 

«->  -  dJ  /  k.  w  ■  w  4/  »— 

—  ^  —  W.4-73-—  i/k^W  w 
ct  C  <-  t.  -^4)004-73 

"OC3>i  tr  -  >*-  y 

O  f  ^  T3  C  fl  C  33 

E  73  «  «  3  o  E  E  '■  P 

4/4,  —  VWTI^OC  4/4- 
Q.  ■*-  Cl  ”  i"  5)  ^  u  fl  d  r 


C  V  - 

WO  3  C 

c  -  2  - 

.£1  "3 

—  4  >73 


Many  tj/’ies  the  proposed  solutions  to  a  problem  are  constrained  by 
the  way  the  problem  is  defined  in  the  first  place.  This  is  the  case  m 
the  feasibility  reoort 1 s  analysis  of  water  supoly  al ternati ves ,  where  the 
problem  is  narrowed  down  to  the  question  of  how  Neche  can  maintain  its 


I  w  O  V 

O  *J  V 

1  C  T3  ’J)  X) 

V 

i  b  !fl  —  M 
h*  O  31  99 

.  i  a.  c  u 
c  c  — 


5  1»  4*  I  3  - 

W  £  —  0 
fl  4»  -t  *<  I 

J  w  O  «C 

u  c  >-  e 

k  ■-  O  4  - 


-  C  3  b  4* 

— i  ~  a  u 

-  a  o  « 

J  •‘41  — 

j  ui  —  a.  (/) 


>  a.  >>  4) 

•  3  it  «■* 

:  4i  o)  jz  a 

i  >  «  — 


I  w  4  3 

:  —  £  o  • 


!  „  S  2  ■ 

IV  cl  V  . 

♦J  >>  > 

l  n  C  u  -H  : 

i  x  3  «  - 


i  u  v  v  : 

L  (0  >n  «  4-1 

I  O  <8  41  —  . 

<  o  a.  v*  <fl  ■ 


*  &£  . 

4>  *A  «-*  X 

c  u  «  9 

•—  P  9  X  LA  CA 
C  —  Q. 

i"  -  Q  4  8  Ol 

C  CJ  £££ 
I  W  L  *l  L*^ 

Q  4)  OJ  OJ 

cj  o>£  in.  o 
w  5  cj 

T>  O  X 
CO  ■  cJ 

9  O  -X  C»  LA 

W1  W  tt)  o 
E  >s  9  B  U 
d  a  p 

w  I  u  o  b  ^ 

ia  cJ  CJ  £  ia 
>i  C  3  <JJ 

</>  O  -O  P  O  .— 

as  p  U  p  £  cj 
4  4MJ  C  £)  8 
*—  LA  LA  9 
•—  3  •—  Q.  C  lA 
«  P  P  X  «  •! 

x  «  «  a 
cj  p  p  £  a)  a. 
u  4>  c  Co 
O  L  *T>  8  V 

^•O  3  J  l. 
«>■—*“  Q  £  1 
£  M  0£  V 
«>  e  ia  vt  9 
_  o  c  * 

O  o  4»  c  — 

**  £  O  C 

V*  ■—  LA  X 

u  a>  p  o  u  o 

41  >  — ■  la  OJ 
W1*-  3  b  H  I. 

S«e  33-p 

4-  £  cJ  >,  4>  CJ 

o  b^f-w 
c*  a«  a 
u  —  cj  a.  x  o 

b  «  8  3  *— 

•—  £  (A  lA  b 

»—  41  CJ  3  > 
CL  £  L  o  b 
O-  CJ  O  4*  ■—  P 
3  IA  <3  L 

w"»-  8  «r 

la  —  k*  .2:  2:  o 

«<r  *»  w 


0J  u  c 
cj  $  c  c 

8-0  —  41 
U  CJ 


■'“9  9  ■— 

^T3  t.  4J  AT) 

■*-  9  oi  cj  p  9 

A  c  *J  A  b  C 


o  ••->  41  - 

sets* 

a  abo< 

9  X  9  P 

41  U  3 

o~5*S£ 

>t-  r  c  a 
CO  3 
4i  O  la 
A  A*i  II  |l 

CC-*  £  •— 

UT)_W 

P 

C  LA  C  3  3 
9  9  O  E 

E  >s.2:  “S  i 

9  — -  CJ  U 

p  a.  9 
a.  4-  a>  u 
P  3  o  c  4) 
b  A  «£ 
LA  l/l  CJ 

a>o 
b  a  c 
o  cj  >>•-  4- 
U  9  r-  P  O 
O.  X  9  C 

C  3  lA 
0^9£P 

w  wr  t  b 

p»  o  c 

V  b  3  A 

AC  0£  ^ 
C  b£  w 

Affi  W  p 

o  o  c 

u  .2^- 

1! 

♦>9  •—  •- 

C  9  —  -M 
CO  O.  9 
9  CJ  P  O  LA 
£  A  b  3 
CJ  •—  «/>  4- 

>«C  O 

L--  l. 

41  a.  CJ  4 »  la 
5»flA**  >1 


4  0!  -  '*  ■ 

£  b  c  -r. 

w  k.  3  b  •. 

3  C  £ 


4i  P  W  C 
!A  C  V  C 
4  q  4  <! 


•J)  W  A  . 
—  *w  V 

(A  —  3  C 
>,  —  u 
-+  0  b  3 
t  a-  o 
C  *J  (A 


a  i4  ca  *3  • 
o  c  c 
b  a  v  8  ■ 

^  2 


8  b  £ 

■r-  >  -*J 

up.  o  — 

4i  c  p  O  ■*->  c 

*A  •—  C  l/i  ITJ  •—  LA 

8  C  b  «  c  p 

J  C  r  T)  L  *j  L 

to  *->  >,—  C  41  C  9 

4>  «—  ♦A99C»4»P 

£  a  c  -  c  *—  —  c 

♦a  41*—  0  0  9  0  9 

A  W  9  •—  C  —  O 

£  01  X  3b  b  LC  A 
♦A04JCTAIE04I 
•C  C  41  2  a  P  P 

X3£--'-'OC  C 

O  9  *—  9  *A  9 

>viA  q  *-»  *A  41*-  - 
— *  b  u  c  b  >  a  i/i 

tC  c  b  c  b  v  b 

9  6  3  O  C  O  ^ 

L-  ■ —  co  b  b  a 

u  a;  9  o  u  —  >■•->•— 
■4J£CU9-—  OO 
*!  8  •—  9CPCC 

O  X  41  >  O  O.  •*- 

c  c  c  C  •-  >,  C 

b3b30>cba 
LA  O  LA  O  41  9  £ 

be  A-oca  *■*  4i 
Q  9  C  C  £ 

P  LA  9  C  *•—  c  *-» 

p  o  •-  as  o 

-*-*  b.  *-»  >,  *j  P  4-  *♦- 

U  9  U  A’l-  b  O 

4IPPCCI—  >CA 
<ncbb8  8'-i-A 
O  9  C  —  *—  3  O  OCA 

L  b  O'  U  0.0'  >  O.  C 

0.1/3  C  b  b 

LA  4-  P  F-  •—  t  f 
P  T3  4>  4>  4>  9  5 

bcrbbbAXL 

A  9  U  CCb'f- 

ab  u  b  <L  4-  ■*-  3 

vac-*-f-£p«—  cr 

.. 

C7i  0.0.  c  V-  9  •— 

C  •—  LAOP-—  b  A  b 

•—  b  LIT)  U  C  >-*J9£ 

C  £  C  C  4J  9  C  OICJ 

C  9  W  b4- 

9  WP4-  b  £  4- 

•—  C  Q.  C  O  >  **j  b  o 

Q.  O  9  *j  £ 

4-  A  «A  A  b>  C  b  I-  b 

4 1  •  IA  b  9  b  9  LA  • 

>  CT».—  >  C  E  £  OP 

•-  Cr«b  C&LJ  ■  E  4/ 

*->  ■—  U  b  b  O  P  •— 

U  CCAObr-Obb1*- 

4 1  C3bb—  bAbAA 

•n  90»—  •*^9>  9  3  -r- 

£  — -  LJ  Q.£3  4l'-».  a.  9  CA 

O  O.  •—  O  >s<3  P  E  O  9 

A  U  9  C  O  b  A 

4)  bbci— —  Uf«J£ 

F-  £  U  —  8  O.  —  4)  CA 

O  L—  4-CCLAgOOOlPO 

•*"  3  0.  O'—  O  25  t  C 

*A  o  -—PC—  9 

•—  A  b  LJ  Of-CP4» 

3  4l£90U4i94»C 

X  4H  C«Uli  U  C  8 


>—  O  4) 

•—  >  •— 

O  C  C  ••- 

A  b  ’-  *»  8 


lA  W  P£  •— 

E  b|  C 
b  c  l  5  •— 

— *  O  9 

£>  b  b  C 
O  la  £3  £  C 
c  ^  c*  O 
a  e  o  o 
9  £  £ 

>—  £  P  P  l/l 

9  •—  3  41 

•-  4j  E  O  *- 
O  £  L.  £ 

C  O  LA  £T  9 

41  b*J« 
Opt. 

&c  3  b  b 

O  LA  p  £ 

9  9  CA 

o  8  b  a 

ca  E  Oi  c 

P  4)  •— 

A  c—  A 
U  9  9  P 
4)  •—  CJ  41 

4-  ai  u  c  o 

gj  C»  ^  4>  LA 

A  A  be 
•—  L. 

E  o  a.  cj 

X  9  9  O 

-  P  £  P  C 

P  CJ  C 

c  b  9  4/ 

X£  LA  £ 

CJ  e  LA  9 

a.  o  4i 

«<  CJ  —  O.  w) 

9  cj  o  a> 

4-  C  f—  l-  • 

O  >)b  A  3*j 

LA  CJ  E  LA  U 

CJ  X  •—  41  9  4> 

C  *—  O  N  £  -e* 

&>  c  -  la  —  e  o 

E  •—  9  9  •—  4)  Q- 

O  bb  £  LA 

o  u  la  c  9  qj  at 

q>  C  O  CA  £  £ 

— -  !/)■•-•—  I/I  CJ  CJ 

9  CJ 

C  _*  U  O  4-  4- 

O  •  <J  4>  c»  O  O 

•—  —  p  A 

CJ  C  L  A  A 

•—  lA  41  CJ  CJ 

P  P  —  P  LA  LA 

P  C  £  c  o  o 

«r  9  ►—  o  u  u 


c  41  O  C* 
•—  4-  C*  c 
C»  o  4-  3 

O  >  4>  P  6 
4J  u  OJ  E 
•— >  4»  4/  C  9 
O  A  I-  L 
c  4»  •—  b  b 
O.  C  E  4-  X 


4-  C  P  ^  E 

O  •—  LA  9  E- 


CJ  41  CM  41  CJ 
LA  PU>  P  QJ 
O  9  40  9  P 

u  c  e  3 
O  9  --  O  l 
P  CJ  9  CJ  1 
C  «A  P  W  4 
9  C  P  P  - 

4-  •—  4)  I 

C  O  A  b  A  < 

P  3  •—  3  «- 


Of  01  9  t.  < 

PC-  41  3  1 
PUP 
b  b  b  8  b  t 
£  U  >  3  U  r 
CJ  U  —  P  p  : 

9  U  LA  U  ( 
O  U  CL  X 
CiQ  9<fl  L 
O  *—  41 
P  O  LA  fs.  £  L 

4<  *  9  CM  L—  * 

CJ  in  X  < 

9  •—  41  j 

r-  _  0)  £  •  ( 

bC  Cbe‘( 

u  O  3  T 

P  4-  X  Q 

U  C  •—  O  •—  L. 
4)  O  4“  P 
CJ  ■—  PC* 
CJ  cj  iA  9  41  C 

S8c  b  0.4 

U  £  b  a 

OH  A<  T 
U  r—  C  < 
p  •—  .—  4-  T 

£  9  ■  O  fl 

CA  A  8  fl 

O  oi  cj  a>  lo  c 

C  £  C  u  e- 

<  CJ  b  8  l  fl 

E  x  e 

la  •—  a>  n 
•  £  P  P  0/  I 
CM  U  4«  9  P  ( 


C  U  9 
O  O  U  C  4 
q  4>  p  o  ( 


CORPS  RESPONSES  TO  THE  UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
(Continued) 


»  •  v  o  u  aiu  k.  w— 

Vtf.S-aS  *ss?:=si 


ts  X  o  ■  •  « 
5*  g  S3fc * 

S  I*  -  2? 

O  ?  V*N  •-  3 

t  CO 

SUStSSt  t 

cuond** 

T3  B  4-»  a.  5  *-*  c 

■»-  m  p  c 

«■»  3  to  o 
«  a 

ft  O  «A  c -m  m 

■  fc-s  8  3 


>»  >»  .  «n  v  « 

<3  E  S  I..SJ3.583 

.  *  «c  3  -sas-sl^ 

-fcitJts  s  i;  oi£f£~2 

P  ft  v<p  ft  ft  m  a  V-r 

m  e  k  e«  «  {  <J  ft  b  «t>c 

a>o  w  »o  3  j  *-  c  «v  x  v  v»  •  £ 

k  c  ;  ea  oz  ft  •  i-  o 

out  VOW  X  C  3  Ocv  c  Viz 

^  F.  _  •  °  P  *  —  5  —  £  ^ 


*PjH* 

"JSSSSSS 

i—  S.C 

*J"il5s 

SSCcSI, 

«3  U  I 


■o  a.  fi£Lr 

w^5«|6^ 

V*  ft)  to  O 
•  -O  k.  **«£ 

rv  c  o*o v  o 

T3  «  IQ  ft  ft  «  , 

3r  «*>  k  k 
^  *3  (ft  ct>  3 
v>  5 

tfagir. 

I  is  ^11 

v-  0)  O  fti  *r- 

II  M  VI  V  k  > 

.  v  ft  5 

X'-i2’~S~ 

Bgu2i.5i; 
f  S3  37v«' 
L3:t 

U  SfiS 


*3S*k£ 

tjo  «  £  p  a  k 

cotvivJs  o 

e  k  9«  m  *•-» 

k<^  «  «  S  Sk  c  ■*- 

Sf-VOr  3  O  T- 

i  Vt  f  S  T> 

Is 

^  «t  O.  V  •■O’*-  ♦*»- 

XV  ft  M3  9 

S»g'llg,Et!|  8» 

f-  ^  9  V  (A  — 

•SVVCMX  ft 

l£^!{q  • « 

kkvka  2  ■ 

3°it;«g,ls  ?s 
!«kg  »!>.'  k« 
,1°  u,5*32  <*-o 
Icfiflssi  £3 


dllssis 

ss.-lt.sst; 

op  V  &  «  V  VI 

•8*S£-ES£ 

gfcj-csr 

uSk-?«S  . 

sx  ssivoj 
«oS£~°*,4 
I-sSSiiE 

m  IA  8  ®«rr  a 
ft  ft  K  *J  4-» 

o  a  "o  k  t—  H  v» 

C-MCWMOCQ 
ft  Vlft*-  «l  VlT  0. 


(DKi’s  RESPONDS  jo  THE  IMTKiJ  STATES  E.W I  RO.VME.VfAI,  PROTECTION  Ai.E.WY 
Pdqe  2  (.continued) 


I 


I  .O  0/  *J  oj 

i  •*-  jc  cr 

■  tO  4->  0/  C 
I  tO  *■»  <U 

;  g  £  st: 


o  0/  : 
to  WO) 

U  <L>  n  r- 

S.  os  to  5 


•r  >,  3  XI  < 
*  l-  O  <« 

O  >t»—  I 


aiS 

u  «  Cue 
— i  o  > 
**-  U  i- 
«*-  d  to  O  t 
o  u  o 
W.  T3  | 
»,  to  C  <  ( 
E  01  <o  a.  .. 


a/  «  *>  a. 

°  c  C  £  *i 

H-  Oj  0;  +J 

*•“  E  d  U  3  i 

o  c  *■*  0)  a>  * 

o  •*“>  > 

k.  L  1/1  Q  tH 

3  1/1  L  ^  i 

O  >  3  a  to 

>s  C  U  J 


tOf-  O 
Qj  —•  4->  C  ( 

>  «J  o  < 

■r-  > 

*j  Wio  4 

<o  O  «/i  / 
*/  U  ®i  4/  | 
C  >“  •*» 

U  <C  TD  * 
to  a. 

0i  uj  (7>  w  [ 
k.  CVJ  W1  I 

0.0/  -f 


to  4J  to  C  ft; 

T3  m  +/ 

c  *  c  d  «o 

<4J  -  •*->  JD 

u  O  «t» 
■p  41  QO1 
O  d  C  X 

S4-J  *->  ■—  *3 
i-  C  -—■*>»  C 
3  4/  ' —  4 

T>  •*-  E  flJ  TJ 

c  a/  a  c  4 

U*/*J  E  fl  l 

c  *j  o *—  < 

/I  4MJ  up  1 

■©  >  to  O  I 

co/  a/  5  < 

to  t.  4-*  u  1  « 
' —  QUO  < 
*■»  tO  E  to  1 
ft)  c  Q. 

2  <9  E  41  <4  4 
U1**  t  */  | 
O'  to  o  < 
C  to  4J  -X  ■» 
•1-  01  H-  to  fl  ( 
C  *»-  re  re  Q  •• 

•1“  4/  k  0)  *4 

*  -o  C  .e  << 
e  >  re  : 
5  >.  w  i 

k  */  k  p  n 

o  re  c  *  * 
•*-  <0  C  to 

o  :<-«4 

41  EP  <9  I 

c  to  6  r  i 

S3'J“ 

*-»  -O  1-  "O  *■ 
o  c  a.  u  c  4 

ai  re  *o  to  i 
4J  »—  W  0/  1 

O  3  «—  E  1 
k.  k-  O  U  ft)  < 

a.  a/  >-  -c  i 

-C  O  4J  I 

0/  4->  *4  I 

•c  o  •  c 

4J  c  to  I 
O  O  4*  «  N 

»  4J  «-  >  4-» 

0>  *-*•>-  0/  I 

<—  c  to  4-»  u  < 

rl5£o3 

HJ  SO  k-  U  4-»  < 
x  k  crc  r- 
1j  4/  4/f  i/i  i 
>  T3  0/  • 
l.  C  ^  *-*  >  « 
O  O  >v  <T>  *-  < 
U.  u  4-t  d  ■*-*  f 

c 

p  n  *J  u  i 
C  3  3  C  J 
•*-  ao  -r- 


•  • 


Your  office  is  also  working  with  the  Fish  and  Wildlife  Service 
for  the  acquisition  of  lands  in  the  project  area  to  compensate  for 
project  imposed  habitat  losses  under  the  Fish  and  Wildlife  Coordi¬ 
nation  Act.  It  should  be  emphasized  that  this  compensatory  land 


acquisition  not  only  has  Important  fish  and  wildlife  benefits,  but 
also  has  significant  water  quality  benefits  by  preserving  natural 
habitat  and  preventing  further  land  disturbance. 
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within  one  of  tho  iiioas  best  suited  for  t  imbe 
in  North  Dakota. 
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Existing  Projects.  It  would  be  helpful  to  an  understanding  of  watershed 
hydrology  to  present  data  showing  the  extent  of  State  Water  Comission 
and  privately  sponsored  water  management  projects  In  the  North  Dakota 
portion  and  similar  data  for  Manitoba. 
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The  Draft  Report  presents  the  Corps'  interpretation  of  an  NED  plan  and  an 
EQ  plan.  In  our  judgment,  the  data  as  presented  reflect  mul ti -objective 
pla  ing;  i.e.,  an  example  of  collapsing  the  planninq  process.  The 
ir.  ,  ent  danger  of  this  practice  is  that  planning  can  become  riqid  and 
u...  csponsive  and  the  full  range  of  future  alternatives  remain  unknown. 
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hydroelectric  power.  A  review  of  eaell  ecele  topographic  aapa  Indicates 
that  there  ere  areas  of  elevation  differentials,  poaalbly  near  enough  to 
the  project,  which  would  be  conducive  to  the  developnent  of  p«^>ed  storage 
pleat  on  the  perlaeter  of  the  reservoir.  The  plant's  upper  reservoir 
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CUJ6SAH 


1,  abiotic :  bMfliviati  pcruui^t  to  p(ijf»ifJl'Ci<Miia)  taaor*  oniv. 

2.  act g— loot ;  a  tarn  «i  vel<iM  i^uat  to  loot  ot  wut  c^verti^  «« 

»(«4  of  sm  acre,  to  aJAaoc  U4  («IUm. 

>.  atlmwiti  taui  tat*  *cc»(4i«t  to  pfoaa&l  i  It  lo*  i«»«i  <*a  *uti»» 
lical  rtciMtM. 

4.  iaiwtuuai  Hk«  «A«f«wt«  of  m4*i«wo  to  MUtM  ¥*t*  yfeiii 
tb«ry  «f«  t*  (Mt«ei,  lul  mi  a*  (Mltat  coMbloai  too*. 

),  aitoi  My  ot  a  n»#  of  c»t*fi»  wuim  ftoabout  .aiatajayjj* 
ftoavioi  »*«■»» ic  rU«<«  ¥ti»  m  irw  im«m,  iioo  of  f«»u,  fooaioa 
flM»  oif foOCOfic  •l«g||oa«U  to  Uif*  «•<*»» 

HUfit  Maooi* . 

I.  Alaat  Him—  *  MfU  «*l  (UMMfelM  |«om>  of  «!*«•>. 

/.  aimUiim  a  miw»  of  im  «i  •  mMim  to 

<M  ffM.  I*  Ml  MIMfl  OAt Of*  I AIA  1*  «  Moooof*  of  lio  4 1  <*«*<**.»<  * 

*.  Alloc  Alt  ppom*  »  Mat  of  lot  ft*ao«l  mum*  <w  «4wii<mom«i 

*.  Mm«<AU t  WHAM  IM  fltMNW*  of  fit  of  fto*  <*rr«o« . 

10.  Ot  of  fof talolMft  (o  IM  Motto*  of  IM  l«M. 

It.  HoM*g-»»*  Alaaot  A  $»m*$  of  ol*o*  oft  a  %|«o  »hmw  I*  *A4l<l«o 
to  IM  ffoo*  tMffffA* II.  HMf»  flat*  Of*  MHHalftlt  wA onflow  *rt*o* 
IMF*  #f*W  00  lilMi*  AMI  ft*  tt*tOMI4(«f  A*  OtoAiWoo  OH**,  »#<* 

«M  tool*  mMI«M<*  At*  of  1«*  MMtlflOl  Oil  A  IMH  A fo.a». 

li*  !.».>.  ttlOwA^lfOl  OHM  fcMAMifi  fft*  00*0  of  otrfffo*1  ♦«*» 

M»t*  to  luOfOt  tK4U»>  A  |l«f  AMM  of  Mlrtlfl  (ONttUf 
otftOftlf  I  to  tMflt.  tlfllf  wAflAWt*. 

11.  Vflai  of  ooorfAl  wtario  v»  f«r»'  * 

«!*«.!*  off lo  fot  Mlolf. 

»A.  tmttnUilt  jfllt  MUM  fool  *»«  rtMlflM  f-U-olO*  IM  to* 
loooo  of  flool  *•  tot*. 


15.  CftifttfOi  IM  loot  fot M  #f  IM  *m^o»)P‘i|j  tft  ft *o  Tci  t*> 
*111  to*  toot*  Ago;  (Mttt lot i nf  lr»  tMfAllo*  of  flooooot*  oof  of* 
toot  of  'WoA*f*  (Motts. 


ic,,  (>j.L UtroyfciaUoa:  t4tryj»ukiiii*a  |«r*‘ce»»  iw>ie#ej  t»>  n*t 
Lu  L^a^e*  tJt  Ma;  e,£.  *«w a&t  cillwx,  eB£luu<»t!UMai ,  etc. 

i.  /,  tua;  flaaa  weueii  (Im  a<*n  (ar  aifcef  iif^tturci  w«ii 

ffv«  '.w**  Of  ts< 

l-t,  L)»mt^:  A  i»w»><4i«M«lve4  r(u4w<e  (tfrKMK  <*r  j*»r*MU)  el 

■  1  u  tae* jf4i  u<«  o#  ♦•<*? . 

.  » ,  ;>j.  n.„*n;  A  «(  »1«mU  ,  p)««M  !•«!<  «*f  *Ui<lw4  MUelUlii 

,,  .  t. •». c  *t  ■» t 4<*k  *teik  of  »it»«*. 

:  ,,  u l  >s>..  L.-t»  tuw ;  "K«  of 

iuU^kJ  LVi:  »#  etfil  «*i**l#ti*  <m  (Amt 

l.|»><  IfV  l*.  * 

:i,  t  L<*»«  IM  *  (Mwr»  *»»i  (  (MUM, 

'  : .  It^.  1 1  MWe  !■■>»>  CW  IwlMIMI  wfJMf  l**M#  «*»  ♦  i  AA»  *»«%«•**  1M  »««-» 
F  h  k  »<mI  ♦  A*»*  “*♦«*»*  |  r|«M  «>*«**(  A#  (M»  (MttMIMA 

P'iH*  «>.t  i«>n*t**  «l\,ex» ,  i.«.  *A»  Ariel 

4V,  E  14#  M*  »«lUI*l(g  «#  «A»  *»l>r(  !*♦*»*  «»#  *»*•**  »*  aA*»*A* 

Juffi..  t»as  U*M  *«**»«#*(*»  l»  JMIAM 

'  '..  f  mrn+mim  V||  *m«f  |eAW*j  #m*«|Inm  a  IaAm  el 

ftUfV  1 lift*  |»M*I  l«l. 

•A.  lellle*  *t  «  fl*»l  «A|«A  I*  »* 

M.-e  i.ut»  »(  m«A  |ltM»|li  <•*(*#»  AAtAMAf  A**  f 

r*  .'  »f‘  t  OIW*  * 

tf  t,".'H»r^  >  fW(  sH»# t  »#*  <*$  (A#  HmMfUl*  «M*»**II*  »♦»«•««  1**>  «•* 


v  ?A*»  **(«*uli*.  <*f  #♦«***»  (  !«•»*  MAetfW'l  <<*»*  |*  **  «tie«r*lritl4 

.  «eri«e*  ***#  f*4  *#‘A  *fw.«  (*•» 

l  1  V*.  ,  f  \A  vA|f  4 


"I,  *ri  •*>».*? 

m,  l  ?,**•*  eatt^:  '**  AM******  i  !#*«, 

>  1 1  K^wftJUtjggf  •***  *UB*"t*  *»#i»#t  I*  *v*.|M*(  «»  *1? 

V  •  *  |»|A  ♦*  f  (J  t,  *»**„  ^mwwt  f*n**  *♦«*#«#  *(**»  iAA««  •*-  nwrtlA* 
i„  i.^,  :*.«*[  te  4NH>«N!  AImwa 

Ptr’Mt*  *M  *#(•  A  *l«M. 


;  *  lX£'itic  ? 
•m>  f  . 


#»»*#•»#  +*  (*(Mi«iA(  tw  »>♦  AM****«! 


1J.  MyptUmioai  la  etn*ia  lobes,  the  portion  below  cite  cone  of 
twrwr  water  tAidt  receives  no  beat  directly  t r os  sunlight  and  no 
aeration  by  vertical  circulation. 

14.  Igneous;  Itecks  produced  under  extreme  heat,  as  rocks  of  volcan¬ 
ic  origin. 

W.  Insolation;  Sunlight  received  by  a  given  body  or  over  a  given  area. 

M.  Intermediate  tea  tonal  floods  the  amount  of  flooding  expected 

to  occur  once  in  100  years.  Ibis  sire  flood  has  a  1  percent  chance 
of  Happen i eg  |«  any  one  year.  Federal  grant  loans  and  (Mortgage  loan 
programs  utilise  damage  from  mis  sire  flood  as  a  base. 

17.  Isotherm^} ;  Maters  character  t«*4  by  uniform  temperature. 

id.  Jurassic;  A  period  in  i be  fe*„»toie  fra  from  Hi  to  1M  million 

years  *g*«  char  as  ter  ires  by  dinosaurs  and  conifers. 


>*».  taeusirinet  d» i gloat iag  in  and/or  inhabiting  «  lake. 
b>.  Lear  u >  blit!  or  slowly  flowing  water . 


•  W  Chip*  fo 


if  Areas  costa  1*1*0  stone  uwloeno.  portions  of 
ormwd  <dwrl«4  Ibeir  product  l**«. 


4^.  twit  let  el  fens;  fbe  snot  award  region  of  «  body  of  water  in  which 
tl«M  gene rr«(e«  la  lb*  bet  lorn*  in  lobes  or  bonds,  (be  erne  free  tbs 
sboreiino  ie  » So  tab  wear  d  limit  of  footed  etsot  l<  plant*. 

4>.  Wet  It  >  bay  14  water  situs* lean. 


44  •  fcr*rOn,ftMH 

lag  dry  per l«d»  re 


(i  be  loose  ef  water  frog  a  reservoir  d«<- 
mii  the  SOI  era  I  riser  flow. 


41.  dharearer  ired  mt  per  (sifting  (e  toad  It  lean  of  median 

seletere  sgyt*. 


4a.  (be  reae  ef  wnter  eser  dbitb  temperature  dt«p* 

relatively  tag  Ml*  ollb  depth  ‘tlaa  see  IWnwIMwl. 


47.  Pent  A  emir  ef  IdW  bl Ingrams;  ameisaleet  <e  **»<•*(  2;>y\ 

lbs. 

W.  bwalal*  Ullat  mill*  for  mm<  ft  os  deposit  tee  ef  enter  I  *)  car* 
f led  (a  «r  a»  r  giddier. 


m  ef  •  lobe's  mlrrml  f*rs- 


gteAUiicAg&& Jayfts ;  *  taeetmwit  newtw  streftere 

ef  atthbariig  mtef  fra*  discrete  level*  arftM*  tie  reset-reft . 


Qjei-  Election:  A  convex  shaped  spillway  extending  into  the  reservoir 

.j  .._L  i^t :  Period  of  the  Paleozoic  l.r  a  about  440  to  500  million 
i  n;  v n aracti r ized  by  advent  of  ostracods,  algae  and  seaweeds. 

'  rt  an:  Hie  complete  circulation  or  mixing  of  the  upper  and 
.  r  -filers  ui  a  lake  when  the  temperatures  (and  densities)  are  sim- 


'  i •  o>/iin:  Xelattug  to  geologic  era  spanning  the  period  of  220 

i * ! ton  v ear s  ago. 


-  r  t 1-.  :  Pertaining  to  organisms  associated  with  surfaces 
in.  ibuvc  t be  bottom  (rocks,  stems,  etc.). 


s  ooateri-  tt  exetesaton  ot  acidity.  Values  greater  than  7 
uc  It/,  those  IcSa  than  7,  acidity,  wnile  7  is  considered 


'  i  1 1 .  i  ot:  mat*  ;  V/nchcst*  at  catbohydr  at  es  I  fun  carhon  dioxide 
mi  i  ,  vitn  ctilo*o*»ti>  1 1  4«  a  mediator  using  light  as  energy  with 

t  t-  N  ./  p  t  l  • 

"’iv  toy  t  .odtlont  ^mII,  mostly  microscopic,  plants  floating  in 

m  i*>'f  ci >  t iimn . 

i'  U-  i  i!.«enr  5  the  geological  epoch  corresponding  with  the  last 

r  If  l  ■«■  Ige.  the  fef  ||M)  ended  with  the  final  retreat  of  the  Ice 

-fa  which  reached  thelf  present  position  4houl  MlfJU  HT, 

• '  c  •  aniin*  tan  i  IvUilnt  to  a  geologic  period  prior  c  o  the  Cambrian 

v '  i  f  i  -  ■  ’  •sextan  loo  million  -real  a  «*»?««. 

i in. i t ^  ^ r»d ijus i  the  amount  o(  organic  material  produced  by 

;  ■■iHifl  tc 

< <■! |  »  r.  | r oodlt  I oms I  Conditions  present  when  there  Is  no  oxygen; 
i ;  f  j  m  »c<tul«ition  »|  electrons  by  molecules,  l.e.  they  are  reduced. 

Ktj'.e  E.m!  U»S<i*  or  located  on  the  hank  of  a  river  or  lake. 

iU-ii-f  Es»:  Of  or  pertaining  to  fleets. 

>"£Mi  :  condl  t  ion*  In  water  chat a< let  1  red  by  no  dissolved  oxy- 
.  ’f  'tit  ;  ftidiKlifin  ot  sewage  fungus,  lack  of  normal  hlnta. 

> r 1 * i^ht - \ Ine  fetch:  The  stralght-llne  distance  along  open  water 

'-•f  I^iji'fl  Wi  flvf  h  I  ISO  . 


§ 


V 


i 


» 


» 


t 


192 


* 


1 

1 


67.  Stratigraphy :  Relating  to  stratification  (of  rocks). 

6a.  Surcharge  storage:  Amount  of  floodwater  storage  above  the  spill¬ 
way  that  reaulta  from  backwater  effects  due  to  spillway  restrictions. 

69.  left lary i  The  latest  period  of  the  Cenezoic  Era  which  began 
about  70  milliun  years  ago  and  includes  the  present.  The  rapid 
development  of  maials  took  place  in  this  period. 

70.  Thermal  Strat H Icatlon:  The  typical  seasonal  cycle  in  lakes. 

During  the  simmer  the  top  waters  lecome  warmer  than  the  bottom 
waters;  as  a  result  only  the  warm  top  layer  circulates,  and  it  does 
not  ml*  with  the  more  viscous  colder  water,  creating  a  zone  with  a 
steep  temperature  gradient  lnbetveen  called  the  thermocline.  The 
upper*  warm  circulating  water  is  the  epillmr.lon,  and  the  colder,  non- 
circulating  water  is  the  hypolimnlon.  Uith  the  onset  of  cooler  weather, 
the  temperature  of  the  epllianion  drops  until  It  is  the  same  as  that 

of  the  hypolimnlon.  Than  the  water  of  the  entire  lake  begins  cir¬ 
culating  and  oxygen  la  again  returned  to  the  depths  during  the  "fall 
overturn".  As  the  surface  water  cools  below  4*  C,  it  expands,  becomes 
lighter,  remains  on  the  surface  and  freeaes,  if  the  regional  cll- 
mi*  t«  a  cold  one.  bringing  on  winter  stratification.  In  winter  the 
“»*vgen  supply  Is  usually  not  grsstly  reduced  because  bacterial  decom¬ 
position  and  respiration  of  organisms  are  not  so  great  at  low  tempera¬ 
tures.  and  water  holds  more  oxygen  at  low  tesgieratures.  Winter  stag- 
sat  Ion.  therefore,  la  not  generally  so  severe.  When  stagnation  does 
•ovent.  however,  resulting  In  oxygen  depletion  for  the  lake,  "winter 
hill"  of  fish  may  occur.  In  the  spring,  as  ice  melts  and  water  be- 
<tM*e*  warmer,  it  becomes  heavier  and  sinks  to  the  bottom.  Thus,  when 
the  surface  temperature  rlsea  to  4*  c»  the  lake  experiences  the  spring 
.overturn. 

71.  thermae  I Ine i  A  narrow  (hor frontal)  cone  of  water  In  lakes 
with  «  steep  temperature  gradient,  separating  a  warmer  surface  layer 
(opt  Hanlon)  from  a  cooler  bottom  layer  (hypolimnlon). 

7«.  f roshas^tc  i  Of  or  relating  to  the  upper  level  of  a  lake  in 
eh!«h  inorganic  matter  la  converted  to  organic  material  through 
•eteavnthetif  activity. 

'}.  fhattelittt:  of  or  relating  U  the  deeper  part  of  a  lake  in 
ahich  dissimilation  (destructive  metabolism  Involving  release  of 
enetsv>  "(  organic  matter  tends  to  predominate. 


,  I960.  Ti-nf  drilling  in  the  '.-.'a  1  hall  a  area  :: 

•,  North  Dakota.  North  Dakota  State  .-inter  Cc nservati  .. 

:  ...  •  -pen-f  lie  R>-pt . 

.  Geo  levy  of  Cava L it* r  an**,  Pembina  (,'nimL  i  t  o  . 

.  aak>ta  (lea  l .  Survey  oul  1 .  t.2 ,  Dart  1. 


..  ,  a::.:  Me]  -  tad,  V.  i .  19r>8.  Tie  aeo lofty  of  NorSf  i-i. 

..  ..ik  :  i  with  ;  al  Rei\:rciuvs  t"  finer,  t  Materials,  Nor  to 

■  Sir  St  h  Biotin.  Rep  t . 

,  .  .  .  1 0 7  1  .  .  re  1  ir.iriary  Map,  Depth  to  Bedrock,  in  Sort':, 

ta.  North  Dakota  Geol.  Survev,  Misc.  Map  N'o.  13. 

,  '.]  a:i-:..:t'  1969.  Bedrock  Geologic  -Map  of  North  Dakota. 

D  ir  ~t  :  S  'ol.  Survey,  Misc.  Map  No.  10. 


:  c ; . t  .  .'*71.  Geologic  Map  of  Rolette  County.  North  Dakota 

.-  irv<. /,  all.  58,  Plate  1. 

•  !,.  \<*V- .  The  Geology  of  North  Dakota.  North  Dakota  n  ol 

••  V,  Bail.  31. 


ti'.nal  Per.hina  River  Engineering  Board.  1964.  Joint  Investiea- 
::  :.ir  the  Development  of  Water  Resources  of  the  Pembina  River  Bn- 
ir  -ha  ir.d  North  Dakota,  Volume  II. 
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'.round  Water  i  r.  the  Neche  Area  Per.:- in. i 
•  .  -t  a  j.iko*  i.  Nort  h  Dakota  Ground-Water  Studies,  No.  ]t  . 
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:  .  1  ut'  er.tl  alhalla  State  Bank ,  .'i  ii.al  1  i. 
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EXHIBIT  Is  ALTERNATE  OPERATISfC  PLAN  -  HARSH  ALTERNATIVE 


The  "writli"  alternative  propose#  to  operate  the  Penbilier  Xiaa  in  a 
manner  that  would  create  a  substantial  amount  at  type  b  marsh1  while 
still  providing  water-supply  benefits  to  downstream  communities. 

Presently,  2,000  acre-feet  of  storage  would  be  devoted  to  water  supply 
and  another  2,000  acre-feet  would  be  reserved  for  both  water  supply 
and  recreation,  flood  storage  capacity  would  initially  be  11,500  acre- 
feet  greater  with  this  plan  than  for  the  reservoir  alternative.  II d» 
difference  would  decrease  over  the  life  of  the  project  due  to  »cd intent  at i on. 

The  initial  pool  for  this  alternative  would  be  held  at  an  eleva¬ 
tion  of  988  (or  less).  The  surface  area  of  the  pool  at  this  elevation 
would  be  approximately  300  acres.  This  would  result  in  a  mean  pool 
depth  of  about  11.5  feet  and  a  maxirum  depth  of  about  33  feet  at  the 
dans ice.  At  this  pool  stage  a  considerable,  but  as  yet  undetermined, 
amount  of  the  bottom  would  be  at  a  depth  of  10  feet  or  less  (which 
can  be  considered  the  littoral  tone).  This  sres  is  considered  capable 
of  supporting  rooted  aquatic  plants  and  would  be  managed  with  the  objec¬ 
tive  of  attaining  maximum  production  of  aquatic  macrophytes. 

Sediment  Is  expected  to  accumulate  in  the  pool  st  e  rate  of 
about  115  sere-feet  per  year  (assuming  «  constant  rate).  Following  a 
period  of  flood  storage,  the  pool  would  be  drawn  down  to  an  elevation 
that  would  provide  the  A, 000  acre-feet  anticipated  for  water  supply 
and  recreation  plus  allowing  for  the  amount  of  sediment  that  had  accumu¬ 
lated  during  the  previous  years,  tn  this  manner  the  pool  elevation 
would  be  gradually  Increased  over  the  life  of  the  project  in  response 
to  sediment  deposition.  It  would  be  beneficial  for  this  alternative 
if  sediment  distribution  could  be  influenced  to  an  extent  that  a  larger 
amount  would  be  deposited  in  deep-water  areas  than  in  littoral  area*. 

This  would  produce  greater  habitat  stability  in  the  shallow  areas  while 
at  the  same  time  Increasing  the  amount  of  littoral  area.  Whether  It 
would  be  possible,  through  reservoir  operations,  to  produce  these  effects 
is  presently  unknown  and  the  possibilities  would  be  Investigated  at 
a  later  date. 

The  establishment  of  submergent  and  emergent  aquatic  macrophytes 
would  probably  require  several  years  without  any  intervention  by  man. 

The  rate  of  colonisation  would  depend  upon  such  factors  as  upstreaa  seed 
sources,  bo ttom type  and  texture,  water  levels,  temperature,  and 
wave  action.  The  time  span  required  for  plant  colonisation  provides 
two  management  options  for  achieving  the  marsh  environment. 


‘Type  5  marsh:  "Shallow  ponds  and  reservoirs  are  included  in  this  type. 
Water  is  usually  less  than  10  feet  deep  and  is  fringed  by  a  border  of 
emergent  vegetation.  Vegetation  (mainly  at  water  depths  of  less  than  6 
feet)  includes  pondveeds,  naiads,  wild  celery,  coontaii,  watermf  Ifo i  l«, 
muskgrasses,  waterlilies,  spatter  docks,  and  (in  the  South)  water-hyacinth." 
USDI  circular  J9.  It  Is  realized  that  the  "marsh"  would  not  conform  entirely 
to  this  definition. 


EXHIBIT  i  Wont.) 


kto*  ^i)r(i4i'h  would  s«  i»  i«ifn»c  iu  rate  of  ^louuru^i  by 
pUntlRK  jc»tr«4  specie*  at  Hi*  i»c(kiuii»t  a!  the  project.  Plant 
COttU  b«  iwlcCtcti  tiff  t(*if  4c»tt«tilc  attribute*  >wtii  *•  COVC f  ettj/ot 
food.  Thi*  woulj  ^really  lew  rc««c  lie  tolutu  cat  lam  rate  of  specie*  turtt 
a*  butrurkar  and  criuilt  which  require  specific  germination  condition*. 
£(  would  a  loo  permit  the  mi  rndwct  ion  el  certain  desirable  ip*ci«t  that 
may  not  presently  vtl»l  in  the  watcr»i>ed.  It  »j«hi14  he  f eiwabcioj , 
however,  that  specie*  c>«pu,;iivA  of  (he  plant »  ccmU  ciue(v  with  tine 
due  to  the  invasion  at  note  suitably  adapted  epee  lee.  She  displacement 
of  «xi»( i»(  vegetation  would  probably  have  only  •imiul,  it  «»>•  rtteci* 
on  che  quality  of  the  marsh  environment.  Another  point  u  (hat  (he 
earlier  the  vegetal  ion  wee  established  in  (he  littoral  areas,  the  sooner 
benefit*  associated  with  the  marsh  could  he  captured. 

Another  approach  to  the  plant  coloairei ion  prorate  would  he  that 
of  allowing  the  littoral  area*  to  become  vegetated  by  etrlctly  natural 
process* ».  This  would  require  a  a  longer  period  of  time  and  certain 
desirable  species  mliht  never  become  established  with  this  approach. 

Vhls  approach,  however,  does  present  some  advantages  over  the  previous 
approach.  It  Is  entirely  possible  that  the  delay  between  first  lb* 
pound nent  and  the  development  of  a  well  established  lurch  could  be  of 
sufficient  line  to  permit  (he  development  of  a  good  sport  fishery  for 
several  years.  The  first  few  years  of  a  new  reservoir  ate  typically 
the  best  from  a  sport  fishery  viewpoint.  Production  of  sunflsh,  perch, 
and  northern  pike,  for  example,  could  provide  fishing  opportunlt les 
until  overcrowding  and/or  water  quality  reduced  the  sire  and/or  number* 
of  desirable  species. 

Once  littoral  areas  are  established  with  aquatic  macrophytes, 
the  colonisation  of  new  areas  that  are  Inhundated  f ran  year  to  year 
should  occur  relatively  rapidly.  These  new  areas  would  not  be  colonieed 
(mediately,  however,  which  would  result  in  a  relatively  vegetation-free 
area  around  the  pool  from  the  new  shoreline  to  the  enisling  vegetation. 
Because  the  elevation  Increase  of  the  pool  would  be  gradual,  the  new 
areas  would  probably  be  vegetated  long  before  previous  vegetated  areas 
became  submerged.  The  extent  to  which  existing  areas  of  vegetation 
would  be  eliminated  by  the  Increased  water  level  would  depend  on  the 
pattern  of  sediment  deposition  which  would  detemlne  whether  the  bottom 
elevation  urns  above  or  below  the  level  of  light  penetration  necessary 
to  support  photosynthesis. 

Tangible  benefits  attributed  to  this  alternative  would  be  flood 
control,  water  supply,  and  recreation.  Potential,  hut  less  quantifiable, 
benefits  are  related  to  wildlife  production  and  water  quality,  tfhile 
the  more  gradual  loss  of  existing  terrestrial  habitat  that  would  occur 
with  this  alternative,  as  opposed  to  the  immediate  loss  that  would  occur 
with  the  ” lake"  alternative,  would  be  considered  a  less  damaging  (uitf- 
gation  of  ultimate  results)  or  relatively  more  beneficial  aspect. 

The  marsh  created  by  this  alternative  would  provide  habitat  for 
waterfowl  during  certain  years  w.iile  providing  little  or  none  in  other 
years.  The  prime  determining  factor  in  this  regard  would  be  the  timing 
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<uul  dwr.»(  l«xh  t>!  MtfMi  is  (be  rr«c(n>|(.  i4wrt«£  awnw  ycwi »  1 l« 

llood  W**#ld  be  WM»i  <«1»  l->  *  l united  decree  <>i  aul 

41  all.  lie**  )Tm(*  (be  M(U  «bnuU  p(**|d« 

for  «4U|(id*l.  i>k»ns(  ue  ?«uf*  «Ml  «  *l«ail  l.<.  ««t  amount  «•{  i 
•tut***  «*«>«»,  eeter fo%i  men  et(  be  uu reeled  *t  «U  *»a 

COwtd  cVuft  be  4*k  f  M«>l  II  »(of«4*  <k<wrt(d  «ll«f  t  <MMfe4u  o<3 , 

fv(cS(Ul  effect*  on  defer  toe  t  product  toe  ee)4  Iwvc  to  be  identified 
fa  Ut«r  »teii«*  to  determine  (be  MfAilwb  of  (be  t»t«4«(U<w  tetetiu 
*«d/ur  toe*  of  **|erf**}  pmdwctinn  during  flood  jreer*  rev 

b«  of  r*U(t«t(f  Hide  to—fetfeietr  bberrt  bee.#**#  natural  j*o(bo)e* 
fa  (be  red  to*  w«U  her*  mrU  wafer  *«4  wwU  be  p»«*dw<  u»c  during 
t t*wl  »e4 re,  and  tomerwlt, 

fW  btrih  Wbt4  provide  befell  el  ter  e  ear  let*  of  other  wildlife 
la  eMtilib  to  weter few) .  Metr  ml  «Mt|  bird*.  «bl  #}m4  ««*  bird* 
‘wU  benefit  from  ibiMted  habitat,  Wblte  ww tee  nwefe  ••  («<<*«* 
end  bird*  of  put  reeU  benefit  tatfedb  w  tarrrew  in  (belt  feed  Mpph’. 
Whether  fwrbeerere  *wch  eo  feeever,  »l*A,  Ml  Mesbret*  wee  Id  benefit  i* 
•fweet  l enable  because  of  feeler  tenet  f  1 actual  lone  result  I**  free  flood 
•to rage.  then  profeoblt  wowld  better  lew*  louse*.  however ,  then  wttb  the 
*tefce*  alternative. 

fbe  effect*  of  tM#  etiernellee  on  (fee  «el«tlng  terre*triel  *v*te*> 
would  be  lee*  drastic  then  with  (be  "‘lobe*  alternative  although  (be 
results  el  the  end  of  the  project  life  wonld  probably  be  gwlte  *inii«r 
for  (be  (we  eltemetlee*.  Operal Ion  of  l be  MfM>  wonld  require  1  much 
Metier  lalt  let  pool  end  wonld  remit  in  e  gradual  Inc  rewee  1*  (be  ereel 
•el eat  of  the  pool  w*t  l be  life  of  tbe  project  while  tbe  proposal 

wowld  remit  In  tbe  looedlete  Ion*  of  tbe  terreetrlel  bebltet  within  tbe 
boundaries  of  tbe  MO*«ct>  pe  men  eat  pool.  Although  both  eltemetlee* 
wowld  probably  been  ea  SOO-acr*  pool  et  tbe  end  of  tbe  project*  tbe 
gradual  to**  of  terreetrlel  bebltet  eerocleted  with  tbe  Midi  wowld  re* 
ewtt  lb  higher  average  enlool  popwlettene  over  (be  life  of  tbe  project 
hecewee  tbe  popnletlons  cawld  entst  for  e  longer  period  of  tine  fot  e 
given  pool  per  footer,  tbe  production  of  gone  entnele  on  tbe  lend  (bet 
were  not  pet  inrwndeted  cowld  be  boreested  bp  DprtlMM,  e  possibility 
that  wowld  not  «l»(  with  tbe  "lobe"*  eltemetlee. 

As  en  enenple  of  the  above  discussion,  consider  tbe  hppothet ft *} 
sit  wet  ion  depicted  In  flfirc  ^1,  In  (bis  rsoplr,  tbe  area  of  tbe 
pemanent  pool  Increased  et  e  coostent  rete  ontll  et  tbe  end  of  300  veer* 
It  occupied  SW  ecres.  A  popwletlon  of  100  Indivldoel  gene  enlnel*  tdeet. 
grows#,  or  squirrel,  etc.)  occwpled  tbe  ortglnel  eren.  tbl*  popwletlon 
bed  Increased  to  1)0  indteldnels  bp  tbe  be*  Inal  Mg  of  tbe  booting  season. 

It  wos  determined  bp  tbe  locel  gene  Manager  tbet  et  this  popwletlon  level 
)0  Individuals  cowld  be  harvested  end  still  neintein  tbe  opt  I nun  post¬ 
season  densitp.  As  tbe  lnitiel  bebltet  was  reduced  throwgh  tbe  Increased 
area  of  the  permanent  pool  tbe  Initial  an Inal  popwletlon  wowld  be  reduced 
to  e  level  tbet  wowld  permit  eulne  wtlllcetlon  of  tbe  remaining  habitat, 
l.e.  food,  covet,  living  space,  nesting  sites,  etc.  An  e  cwrete  de¬ 
scription  of  tbe  rete  of  prpiUtton  decrease  Is  not  too  I* portent  for  this 
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Exhibit  1  (cout.).  Water  quality,  Pembina  River,  North  Dakota 
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EXHIBIT  5 

Table  1  -  Trees  and  shrub  quadrat  results  (Cont 
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EXHIBIT  5 

Table  1  -  Trees  and  shrub  quadrat  results  (Loot 
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EXHIBIT  6 

Table  1  -  Tlaber  voluae  within  conservation  pool  area 
_ of  proposed  Peab liter  Dead) _ 


Scribner  board  feetiZ) 
(8-lnch  top  disaster 
inside  bark) 

Cubic  feet  of 
entire  stea, 
peeled 

Cords  (variable  top 
to  3-inch  disaster 
inside  bark) 

Species 

Live 

Dead 

Ash 

37,975 

37,277 

922 

344 

8 

Aspen 

30,135 

as 

10,033 

- 

117 

- 

Basswood 

65,905 

- 

22,136 

123 

226 

- 

Birch 

16,170 

2,218 

8,665 

1,103 

90 

10 

Box  elder 

84,035 

- 

64,656 

2,499 

617 

26 

Ela 

365,908 

14,945 

111,181 

6,431 

1,226 

70 

Oak 

91,875 

- 

38,955 

1,188 

379 

9 

Poplar 

12,127 

- 

4,079 

- 

41 

• 

Willow 

16.783 

as 

3.161 

- 

35 

- 

Total 

720,913 

17,763 

300,163 

12,336 

3,075 

123 

Average  voluae 

per  acre 

1.897.1 

46.7 

789.9 

3.3 

8.1 

0.3 

I 


I 


1 


! 


1 


) 


EXHIBIT  7 

Table  1  -  Ground  cover  within  conservation  pool  area  oj 
_ proposed  Pewbilier  Oar**** 


Type 

Total  saaple 
area  (1/10  acres) 

Percent 
ot  total 

Annuals 

1.40 

«.S2 

Ash 

0.30 

0.97 

hare  ground 

0.90 

2,90 

Box  elder 

1.95 

6.29 

Buck  brush 

2.10 

6.77 

Chokecherry 

2.95 

9.52 

Dogwood 

1.25 

4.35 

Grass 

4.75 

15.32 

Hatel 

4.95 

15.96 

Herbs 

0.35 

1.13 

Honeysuckle 

0.55 

1.77 

tronwood 

0.20 

0.65 

Juneberry 

2.65 

8.55 

Hetties 

3.40 

10.97 

Oak 

0.20 

0.65 

Poison  ivy 

0.05 

0.16 

Raspberry 

0.10 

0.32 

Ribas 

0.20 

0.65 

Rose 

0.45 

1.45 

Sarsaparilla 

0.15 

0.48 

Snowberry 

0.10 

0.32 

S  ixsac 

0.80 

2.58 

Unknown 

0.65 

2.10 

Virginia  creeper 

0.20 

0.65 

Willow 

0.10 

0.32 

Wolf berry 

0.20 

31.00 

or 

3.1  acres 

0.65 

100.00 

(1)  Applies  to  an  earlier  proposed  dassite  with  different 
water  levels  than  the  current  proposal. 
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EXHIBIT  12:  'METHODOLOGY  FOR  PHOSPHORUS  LOADING  ESTIMATES 


Method  A 

Procedure  for  calculation  of  concentrations: 

Individual  samples  are  flow  weighted  within  each  : for  each 
year.  Monthly  flow-weighted  averages  are  then  summed  and  divided  by  the 

number  of  months  represented  to  arrive  at  a  time  weighted  average  for 

each  month  for  the  period  from  October,  1968  until  November,  1972.  The 
product  of  the  average  monthly  flows,  for  the  same  four-year  period, 
and  the  average  monthly  concentrations  are  sunned  over  all  months  to  yield 
the  total  grams  of  dissolved  phosphorus  passing  the  sampling  station  during 
a  year. 

Average  monthly  weights  of  dissolved  phosphorus 

Product  of  average  monthly  concentrations  and  total  monthly  flows. 

Sample  calculation: 

October:  4,750  ft3  x  28.32  liters  x  0.07  m£  x  86,400  sec  x  10”  3  grans 

sec  f  t^  liter  day  ">8 

-  813,577  g. 


November: 

2,646 

cfs 

.06 

mg/1 

■ 

388,462 

g 

December: 

924 

cf  s 

.07 

mg/1 

m 

158,262 

P, 

January: 

592 

cfs 

.11 

mg/1 

m 

159,339 

S 

February: 

377 

cfs 

.06 

mg/1 

m 

55,348 

g 

March : 

3,216 

cfs 

.40 

mg/1 

m 

3,147,625 

g 

April: 

72,378 

cfs 

1.75 

mg/1 

m 

309,921,420 

g 

May: 

49,657 

cfs 

.53 

mg/1 

m 

64,396,657 

g 

June : 

22,099 

cfs 

.24 

mg/1 

m 

12,977,494 

g 

July: 

12,960 

cfs 

.25 

mg/1 

m 

7,927,788 

g 

August : 

6,714 

cfs 

.17 

mg/1 

m 

2,792,783 

g 

September: 

3,761 

cfs 

.12 

mg/1 

m 

1,104,311 

8 

*P  -  403,843,066  g/yr. 

Area  of  conservation  pool:  800  ac  x  4047  m2  •  3,237,600  nr 

ac 

Tw  ■  residence  time  *  V/Q  •  0.04u  yr.  (**16  days) 

V«  volume  of  pool  *  15,500  ac-ft.  x  43,560  J[£3  x  28.32  1^  x  10"-*  m^ 

ac  ft-*  1 

-  19,121,097  m3 

0*  annual  flow  -  180,074  cfs-day  x  28.32  1  x  10“3  m3  x  86,400  sec 

ft3  1  day 

-  440,613,690  ra3/yr. 

Z*  mean  depth  6  m 

7'~v=  140  m/vr. 

gP/ra2/yr  -  125 


I 
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EXHIBIT  12:  METHODOLOGY  FOR  PHOSPHORUS  LOADINC  ESTIMATES  (Cont.) 


Method  B 


Procedure  for  calculation  of  concentrations: 


Individual  sa;,''e‘;  are  flow-weighted  within  each  month  for  each  year. 
Individual  monthly  flow-weighted  average  concentrations  and  average  sample 
flows  are  then  assumed  to  be  the  average  concentr.it  .on  ...id  flow  for  that 
month.  The  product  of  these  values  are  summed  for  each  month  and  divided 
by  the  sum  of  the  average  sample  flows  for  that  month  yielding  a  flow- 
weighted  concentration  for  that  month  for  the  years  iron  October,  1968  until 
September,  1972. 


Example:  October 

Year  1968-69 

Sample  flow/conc. 

Flo’ —weighted  cone. 

Avg.  flow 


1969-70 
69/.05;60  .06 
.05 
64 


Avg.  cone,  for 

period  *  (.05x64)  +  (.01x105)  +  (.14x86) 
64  +  105  +  86 


1970-71 
105/. 01 
.01 
105 


*  0.06  mg/1 


19  71-72 
86/. 14 
.14 
86 


Average  monthly  weights  of  dissolved  phosphorus  ■  product  of  average 
monthly  concentrations  and  total  monthly  flows. 


October: 

4,750 

cfs 

.06 

mg/1 

m 

697,352 

g 

November: 

2,646 

cfs 

.06 

mg/1 

m 

388,462 

g 

December: 

924 

cfs 

.06 

mg/1 

m 

135,653 

g- 

January: 

592 

cfs 

.12 

mg/1 

m 

173,824 

g 

February: 

377 

cfs 

.06 

mg/1 

m 

55,343 

g 

March : 

3,216 

cfs 

1.01 

mg/1 

m 

7,947,754 

g 

April : 

72,378 

cfs 

1.98 

mg/1 

m 

350,653,960 

g 

May: 

49,657 

cfs 

.46 

mg/1 

m 

55,891,440 

g 

June: 

22,099 

cfs 

.23 

mg/1 

m 

12,436,765 

g 

July: 

12,960 

cfs 

.26 

mg/1 

m 

8,244,899 

g 

August: 

6,714 

cfs 

.18 

mg/1 

m 

2,957,065 

K 

Sept : 

3,761 

cfs 

.12 

mg/1 

m 

1,104,311 

g 

2P  -  440,686,743  g/yr. 
0  -  440,613,690  mVyr. 


7j Tw  -  140  m/yr. 
gP/m^/yr  *  136 
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EXHIBIT  12:  METHODOLOGY  FOR  PHOSPHORUS  LOADING  ESTIMATES  (Cont.) 


Method  C 

All  samples  for  a  given  month  were  combined  to  give  a  flow-weighted 
concentration  for  that  month  for  the  period. 


Ex:  October  1968-71 


(.05x69)  +  (.06x60) 

+  (.01x105) 

+  (.14x86)  - 

19*99  -  0.06 

69+60+105+86 

Average  monthly  weights  of  dissolved  phosphorus  ■ 

320 

product  of  average 

monthly  concentrations 

and  total  monthly  flows. 

Oct. 

4,750  cfs 

.06  mg/1 

697,352 

g 

Nov. 

2,646  cfs 

.06  mg/1 

388,902 

g 

Dec. 

924  cfs 

.06  mg/1 

135,653 

g 

Jan. 

592  cfs 

.12  mg/1 

173,824 

g 

Feb. 

377  cfs 

.06  mg/1 

55,348 

g 

Mar. 

3,216  cfs 

l.<)2  mg/1 

8,026,444 

g 

Apr. 

72,378  cfs 

.85  ag/1 

150,533,250 

g 

May 

49,657  cfs 

.46  mg/1 

55,891,434 

g 

Jun. 

22,099  cfs 

.23  mg/1 

12,436,761 

g 

Jul. 

12,960  cfs 

.26  mg/1 

8,244,899 

g 

Aug. 

6,714  cfs 

.  18  ag/4 

2,957,065 

g 

.sept. 

3,761  cfs 

.12  «g/ 4 

1,104,311 

g 

-  239,947,891  g/yr 
gP  /m^/yr.  ■  74 
Z/Tv  -  140m/yr. 


EXHIBIT  12:  METHODOLOGY  FOR  PHOSPHORUS  LOADING  ESTIMATES  (Cont.) 


Method  D 

Average  monthly  concentrations  (Method  B)  and  average  sample  flows 
for  each  month  for  the  period  were  plotted  on  log  paper  and  a  regression 
curve  for  the  data  was  fitted  by  eye. 

A  long-term  average  flow  of  205  cfs  was  selected  to  determine  an 
average  concentration  of  dissolved  phosphorus.  From  the  graph 
(figure  ),  the  concentration  corresponding  to  205  cfs  is  0.19  mg/1. 


Therefore,  the  average  annual  weight  of  dissolved  phosphorus  was 
calculated  as: 

205  ft3  x  28.32  l  x  86,400  sec  x  365  da^  x  0.19  ag  x  10“  3  £ 

sec  ft^  day  yr  1  rag 

-  34,786,226  g  p/yr. 

Q  ■  205  cfs  x  28.32  1  x  10“ 3  m^  x  84,400  sec  x  365  day 

ft3  1  day  yr 

-  19,121,097  m3 

Tw  «  0.104  yr.  (._  38  days) 

Z/  Tw  -  58  m/yr. 
gP/m2/yr.  -  10.7 


EXHIBIT  13:  PHOSPHORUS  LOADING  ESTIMATES  FOR  LAKE  ASHTABULA  BASED  ON 
INTERPRETATION  OF  U.S.  GEOLOGICAL  SURVEY  WATER  QUALITY 
PH  CORDS  TOP.  THE  SHEYENNE  RIVER  NEAR  COOPERSTOVN ,  NORTH 
DAKOTA,  FOR  THE  PERIOD  FROM  OCTOBER  1970  TO  SEPTEMBER 
1972.  TWO  ADDITIONAL  ESTIMATES  INCLUDED  BASED  ON  PRE¬ 
VIOUS  STUDIES  OF  THE  RESERVOIR. 


Effective  drainage  area  -  1,988  mi2 

Surface  area  of  permanent  pool  *  5,430  Ac.  ■  21,975,210  m2 
Volume  •  70,700  Ac-ft.  *  87,216,877  m^ 

Z  ■  mean  depth  »  4m 

Q  ■  average  flow  (l*»70-72)*  119,333,511  m2/yr. 

Tw  •  0.73  yr.  (£  267  days) 

Employing  similar  procedures  as  in  exhibit  12,  Method  B: 

P  -  30,791,964  g  P/yr. 
gP/m2/yr  ■  1.4 
Z/Tw  ■  5.5 

Additional  estimates  of  phosphorus  loading  to  Lake  Ashtabula 

Owen,  J.B.,  and  F.G.  Duerr.  1974.  Nutrient  sources  and  lake  Nutrient 
dynamics  as  affected  by  commercial  and  sport  fishery  harvest  in  Lake 
Ashtabula,  North  Dakota.  North  Dakota  Game  and  Fish  Dept.,  Dlv.  of 
Fisheries,  Kept.  No.  1322~89  pp. 

Estimated  maximum  amount  of  phosphorus  that  could  accumulate  during  some 
years  in  the  reservoir. 

1,250  tons  PO4  x  .326  -  407.5  ton  P 

x  2,000  lb  x  453.6  &  •  369,684,000  g  P/yr. 

,  ton  lb 

g  P/sT/yr.  •  16.8 

Peterka,  J.J.  1970.  Productivity  of  phytoplanktoo  and  quantities  of 
zooplankton  and  bottom  fauna  in  relation  to  watre  quality  of  Lake 
Ashtabula  Reservoir,  North  Dakota.  Research  Project  Technical  Completion 
Report  WI-221-008-70  FCST:  VFG. 

Estimate  of  the  amount  of  orthorphosphate  retained  in  the  reservoir  from 
June  1967  to  June  1968. 

5.8  metric  tons  P04  x  .326  x  2,205  lb  x  453.6  g  ■  1,891,155  Pp/yr. 

ton  lb 
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DEHAHTMCK'f  THE  ARMY 
•T.  r/vut.  f  i**i me  r.  coitrs  ok  eNomrens 
ills  i*.  »■  rout  oFMrr  &  custom  housc 

St.  CAUL  r.MNC  -OTA  SStOI 


IN  III  V  Ml  »  til  TO 

UCJi.  i-i  ;  3  July  i  1 75 

hr,  i  >in.  H.  VaoLijj-iOtt 

liuVt  in  -,  f- y  .fount. ti-.  f,.o .■  i on 

Halit.,  a!  i..tl.  Service,  Cl-tJf 

Pout  oifir.  ;:u:;  25  id*/ 

n«*tvc»  ,  Colo  ratio  E0225 

Dear  ‘‘r.  Tltnt  >p:sou. 

!;u  are  now  in  tltv  pr**': u  draft  environmental  inpact 
itat*-  mt  fu.  the  cons.i  fuel  I «»*»  of  i’enbllier  Lc mar voir  on  Lite  renbina 
Liver  in  ..orth  hakota. 

In  {;.•»«: r.-il,  the  statement  ./ill  discuss  the  enviri  mutual  effects  of 
the  C?rpr.  of  Li:‘.fn??rs  i*ti  imi".  iiece.s.try  to  impound  the  i’china 
Uivcr  near  Wuih.illn,  1‘nrs.ii  bi'ota.  The  proposed  project  provides 
for  construction  of  an  e it  than  uultipla- level  outlet  structure, 

cner.cncy  cpillt.r.y ,  road  rodi f fcations ,  recreation  facillticc,  and 
wildlife  nltir.ni.Lnn  area-,,  the  result inj;  iwpoundnent  would  .atitfy 
to  vvy<n~  rft”iec!;  the  Per. kina  River  basin  demands  c.f  flood  control, 
water  supply,  recreation,  and  lake-type  fisheries.  The  are-,  of 
influence!  of  the  proposed  reservoir  is  shown  on  tiic  inclosed  map. 

in  compliance  witk  section  *06  of  tint  national  Historic  I’rer.yrvation 
Act  of  1966  att.l  Executive  Order  11593,  we  are  requesting  your  con.no  tus 
concerning  the  existence  nf  nay  historical,  orchneolojic.il  and 
paleontological  resources  •.•hick  njy  exist  in  the  vicinity  of  the 
proposed  project,  and  whirl*  way  be  affected  by  the  proposed  action. 
Those  include:  1)  the  existence  of  any  nltes  or  properties  listed 
in  the  Rails.!-!  Banister  of  Mictoric  Places  which  nay  be  affected 
by  the  projiweil  nmject,  2)  the  existence  of  t.ny  sites  which  nay  be 
potential  tv>  Irt’cs  to  the  ini  Iona*.  Uepintcr  of  Historic  flaccu  anJ 
3)  the  existence  of  any  n-rb  •.oolo  .ical  or  historical  surveys  of  the 
area  which  have  beer,  conducted  and  the  dates  and  findings  of  these 
surveys. 

A  Halted  roconna  is  nance  of  the  proposed  project  area  v«.o  recently 
conducted  by  a  protein. Tonal  arcliacoJocist  under  contract  with  the  Corps 
of  Engineers.  A  repor*  describing  the  findings  uf  the  field  reconnais¬ 
sance  will  be  available  about  mid-July  and  a  copy  will  be  furnished  you 
at  that  tine*.  Nineteen  lithic  sites  were  recorded  by  that  investica- 
tion,  all  of  which  would  bo  inundated  by  the  proposed  reservoir. 

Further  dct«* mutation  concerning  s.tlvajc  actions  would  be  unde  during 
post-authorization  studies. 
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EXHIBIT  14:  ARCHAEOLOGICAL  COORDINATION  (Com.) 


< 

1 

% 


nc^lo-l::  3  July  1975 

iir.  Lynn  II.  Taoi^on 

TLe  -trait  cn vlron3<..ual  l..»act  tUateujr;  is  scludulcd  lor  completion  in 
July  and  jo-  '.nil  be  f  uiv.  i-uo  J  a  co|.y  fur  levied  and  co&ncut. 

If  you  nave  any  quo *1  font,  please  do  not  hesitate  to  ceniuct  this 
oi t lee. 


2  Tncls 

1.  Project  tup 

2.  List  of  coordination 


Sincerely  yours. 


-v  l 


P©Vr*c 


MAX  W.  NOAH 

Colonel,  Corps  of  Engineers 
District  Cn gloeer 
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EXHIBIT  H:  ARCHAEOLOGICAL  COORDINATION  (Coot.) 


List  of  coordination: 


It*.  Met  frante 

Resear  ■  rv  Archaeologist 

State  Historical  Society  of  Itorth  Dakota 

Liberty  tutorial  building 

CUturcw,  horth  Dakota  56501 


«tr.  Jmor.  t.  Sperry 

State  (Usto.lc  Preservation  Officer 

State  Historical  Society  of  hortlt  Dakota 

Liberty  tutorial  Building 

Bifltiarek,  horth  Dakota  56301 


Hr.  Lynn  II.  Thoapaon 
Director,  Rocky  fountain  Ron l on 
Notional  lark  Service,  LS01 
Post  Office  Rox  25267 
Denver,  Colorado  80225 


lad  2 


A- *6 


U.s.  riSM  AMO  LTTTfc*  OF  ?S  JVKC  191$ 

UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 

Are*  Office  •  Kurcfc  0«W«<* 

1900  Cent  el  Ivtaut 
P.  0.  $*m  1*97 

Kjeutl,  Her  (A  Dikot*  94901 

jus  n  im 

Coined  lt*»  f^seh,  District  Engineer 
St.  Caul  D » *.  f r  i c l  Corps  Of  Inginetrs 
1U5  l.S.  Pr*S  Cfflct  *I*C  Cue  too  HOvSt 
St.  I*ul,  S5ICI 

Oear  Colonel  'tMh:  "  *  ' 

Me  »rc  prp*>d»ft(?  this  letter  to  coord  I  note  the  ffth  end  wildlife  pfenning 
for  flood  ceeuol  alternatives  being  considered  for  the  Nob  In*  River  neer 
NalMlI*.  lcn»i  Moti.  Specifically  inis  letter  nweriut  II  fish  end 
wildlife  coivcjnuofti  that  need  to  be  eddretted  In  detell  in  the  process 
of  panning  tor  *  reservoir  alternative.  These  cons Ideret ions  will  be 
developed  *od  r resented  to  the  Olstrlct  Engineer  es  e  pert  of  the  Fish  end 
vtldife  Service  report  on  the  project.  Our  report  will  etplefn  fish 
end  wildlife  ct-prosatlon  pfenning  thet  ft  being  developed  through  cooper* • 
live  field  wort  end  neo tings  with  State  biologists,  locel  project  sponsors 
•nd  your  stuff  in  the  tnvlronwntel  Resources  end  Fleming  trenches. 

The  project  related  fish  end  wildlife  considerations  ere  et  follows: 

1.  All  tend  necessary  for  c«rrytng  out  the  various  purposes  of  the  project 
be  acquired  In  accordance  with  the  provisions  of  the  Joint  policy 
signed  by  the  Departments  of  the  Interior  end  Ang. 

2.  Midlife  compensation  acreage  Is  to  be  acquired  et  project  cost  to 
cenpensate  specifically  for  direct  wildlife  tosses  caused  by  den 
construction  and  flooding,  as  well  as  losses  induced  by  the  project  end 
M«if«tri  in  changed  land  use  practices  in  the  Fenblne  River  uetershed. 
All  said  lands  above  Vang  Bridge  are  to  be  turned  over  to  the  North 
Dakota  (*«*  and  fish  Cepartnent  for  administration  end  nenegeosnt 
under  the  terw*  of  a  General  Flan  in  accordance  with  Section  )  of 

the  fish  ,rKj  wildlife  Coordination  Act  end  in  cooperation  with  the 
Perotna  River  Flood  Control  Association. 

3.  fonpensatory  lands  are  to  be  surveyed  end  fenced  et  project  cost. 

4.  An  annual  OM0  budget  wilt  be  Made  available  to  North  Dakota  Gene 
and  fish  Departnent  to  cover  recurring  costs  for  habitat  wanagonent. 
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e-Ahitsu  i*.:  standa*.  or  srkfAcr  wATfck  ^iautv-siati.  or  south  dak  >ta 


l.  jjc-  ljfjtluti  ui  Mu^ 

it  la  imi.  lured  iu  be  lew  public  policy  ol  the  Stale  ot  North 
u.4kut4  u  maintain  reasonable  »taujardt.  ol  quality  ami  purity  of  Che 
water  a  ot  Hue  state,  ana  to  be  essentially  In  compliance  with  Section 
tul(a>  ot  ttue  lulj  leUefa  1  Water  Pollution  Control  Act.  These 
>landa(0*  are  promo Igaled  to  be  consistent  with  the  public  health 
ana  public  enjoyment  o!  such  waters,  for  the  propagation  and  protection 
o(  e  i*h  anti  vital  lie,  ana  Cite  economic,  industrial,  and  social 
development  o(  the  State.  The  waters  of  the  Slate  shall  Include 
those  water*  within  the  State  as  defined  in  Chapter  61-01,  Section 
bl-o;«tU  of  the  North  Dakota  Century  Code  and  those  rivers,  streams, 
ana  lakes  forming  boundaries  between  North  Dakota  and  other  states 
or  Canada.  All  known  and  reasonable  met  I  tods  to  control  and  prevent 
pollution  of  the  waters  of  North  Dakota  shall  be  required. 

the  portion  of  the  "Statement  of  Policy,"  Chapter  61-26, 

Section  bl-JS-01,  of  the  North  Dakota  Century  Code  which  reads  as 
foilovs,  shall  become  4  part  of  these  Standards: 

"it  is  hereby  declared  to  be  the  policy  of  the  State  of  North 
Dakota  to  act  In  the  public  Interest  to  protect,  maintain  and 
Improve  the  quality  of  the  waters  in  the  State  for  continued 
use  as  public  and  private  water  supplies,  propagation  of  wild¬ 
life,  fish  and  aquatic  life,  and  for  domestic,  agricultural, 
industrial,  recreational  and  other  legitimate  beneficial  uses, 
to  require  necessary  and  reasonable  treatment  of  sewage,  Industrial, 
or  other  wastes." 

It  Is  the  purpose  of  these  Standards  to  maintain  and  improve 
the  quality  of  waters  In  the  State.  The  "quality  of  the  waters" 
shall  be  the  quality  of  record  existing  at  the  time  the  first 
standards  were  established  in  1967,  or  later  records  if  these 
indicate  an  improved  quality  in  certain  waters.  However,  there  are 
parameters  of  qualitT  included  herein  which  are  more  stringent  than 
those  in  previous  standards  and  new  paramters  of  quality  will  be 
attained  by  July  1,  1977. 

Vi.  Specific  Standards  of  Quality  for  Designated  Classes  of  Waters  of 
the  State 

It  is  recognised  that  some  waters  may,  during  certain  periods 
of  the  year  and  in  some  stretches  of  the  stream,  contain  certain 
natural,  physical,  chemical,  and  biological  characteristics  or 
propertle  equaling  or  exceeding  the  limits  set  forth  in  these 
Standards.  Where  waters  of  the  State  contain  certain  natural 
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characteristics  or  properties  exceeding  the  limits  set  forth  in  these 
Standards,  the  Department  may  use  the  natural  background  level  as 
the  standard  for  that  particular  parameter (s)  as  a  basis  for  con¬ 
trolling  the  addition  of  wastes  from  controllable  discharges. 

The  following  standards  are  prescribed  as  specific  water 
quality  for  designated  classes  of  waters  to  protect  beneficial 
water  uses  as  set  forth  in  the  following  water  use  descriptions 
and  classifications. 

Class  1 


The  quality  of  waters  in  this  class  shall  be  such  as  to 
permit  the  propagation  and  life  of  fish  species  native  to  the 
stream  under  natural  conditions  and  shall  be  suitable  for  boating, 
swimming,  and  other  water  recreation.  The  quality  shall  be  such 
that  after  treatment  consisting  of  coagulation,  settling,  filtration, 
and  chlorination,  or  equivalent  treatment  processes,  the  treated 
water  shall  meet  the  bacteriological,  physical,  and  chemical  require¬ 
ments  of  the  State  Health  Department.  The  quality  of  water  shall 
be  such  as  to  permit  its  use  for  irrigation,  stock  watering  and 
wildlife  use  without  injurious  effects. 

The  requirements  of  this  class  of  waters  is  as  follows: 


Substance  or  Characteristics 

Limit 

or  Ri 

Ammonia 

1.0  milligi 

Arsenic 

0.05 

mg/1 

Barium 

1.0 

mg/1 

Boron 

0.5 

mg/1 

Cadmium 

0.01 

mg/1 

Chlorides 

100. 

mg/1 

Chromium  (Travalent 

or  Hexavalent) 

0.05 

mg/1 

Copper 

0.05 

mg/1 

Cyanides 

0.01 

mg/1 

Lead 

0.05 

mg/1 

Nitrates 

4.0 

mg/1 

Phenols 

0.01 

mg/1 

Phosphates  (as  "P") 

0.1 

mg/1 

Selenium 

.01 

mg/1 

T.D.S.U) 

500. 

mg/1 

Zinc 

0.5 

mg/1 

Range 


liter 


per  liter 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


ft 
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Fecal  Coll 


Collform 


Turbidity<2) 
Color (2) 

PH 

Dissolved  Oxygen 


Shall  not  exceed  a  geometric  mean  of 
200  fecal  coll  forms  per  100  ml  based 
on  a  minimum  of  not  less  than  five 
samples  obtained  during  separate  24- 
hour  periods  for  any  30-day  period,  nor 
shall  10  percent  of  total  samples  exceed 
400  fecal  coliforms  per  100  ml. 

The  geometric  mean  of  total  coliforms 
should  not  exceed  1000  coliforms  per 
100  ml,  based  on  a  minimum  of  not 
less  than  five  samples  obtained  during 
separate  24-hour  periods  for  any  30- 
day  period,  nor  shall  20  percent  of 
the  samples  exceed  2000  during  any  30- 
day  period. 

10  Jackson  Units 
15 

7  -  8.5 

Not  less  than  5.0  mg/1 


Temperature  85*  F.  The  maximum  Increase  shall 

not  be  greater  than  5*  F.  above  natural 
background  conditions.  Natural  back¬ 
ground  conditions  are  those  that  exist 
before  the  addition  of  any  controllable 
heat  source. 


Radiological  Criteria 

1.  The  average  dissolved  concentrations  (including  the  naturally- 
occurring  or  “background"  contribution)  of  iodine-131, 
radium-226,  strontium-89,  strontium-90,  and  tritium  shall 
not  exceed  the  following  concentration  limits: 


Iodine 

Radium-226 

Strontium-89 

Strontium-90 

Tritium 


5  pCi/L 
1  pCi/L 
100  pCi/L 
10  pCi/L 
3000  pCi/L 


For  all  other  radionuclides,  the  average  dissolved  concentration 
limits  shall  be  1/150  of  the  corresponding  maximum  permissible 
concentration  in  water  for  continuous  occupational  exposure  as 
recosuended  by  the  National  Committee  on  Radiation  Protection 
(Natural  Bureau  of  Standards  Handbook  69  or  subsequent  re¬ 
visions)  . 
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2.  For  Che  case  of  a  mixture  of  radionuclides,  t lie  following 

relationship  shall  be  satisfied:  ^ 

1*1  +  £2  +  ...  +  £n  *  1.00 

Ll  L2  Ln 

Where  C  denotes  the  average  concentration  of  the  respective 
radionuclide  and  L  denotes  its  concentration  limit  (Item  1). 

J.  in  cases  where  alpha  emitters,  strontium-90,  radium-228, 

iodine-129,  iodine-130,  and  lead-210  are  known  to  be  absent, 
routine  analyses  for  dissolved  gross  beta  radioactivity  (exclud¬ 
ing  potassium-40  contribution)  may  be  employed  to  monitor 
and  show  compliance  with  this  criteria  (except  for  tritium) 
so  long  as  the  gross  concentration  does  not  exceed  100  pCi/L. 
When  these  conditions  are  not  met,  routine  quantitative 
analyses  of  individual  radionuclides  shall  be  performed  to 
show  compliance.  Except  in  cases  where  tritium  from  other 
than  natural  sources  is  known  to  be  absent,  routine  tritium 
analyses  shall  be  performed  to  show  compliance.  (Note: 

Absence  is  taken  to  mean  a  negligible  small  fraction  of  the 
specific  concentration  limit,  where  the  limit  for  unidentified 
alpha  emitters  is  taken  as  the  limit  for  radium-226.) 

4.  For  radionuclides  associated  with  suspended  material  in  trans¬ 
port,  the  average  concentration  limits  shall  be  1/130  of  the 
corresponding  maximum  permissible  concentration  in  water 
(insoluble  form)  for  continuous  occupational  exposure  as 
recommended  by  the  National  Committee  on  Radiation  Protection. 
Moreover,  instream  sedimentation  of  these  materials  shall  not 
produce  solids  beds  such  that  there  is  noncompliance  with 
the  provisions  of  Items  1  and  2  (because  of  leaching)  and/or 
excessive  accumulation  in  native  flora  and  fauna. 

3.  "Average"  concentrations  shall  be  computed  from  monitoring 
data  acquired  during  the  previous  twelve  months;  however, 
maximum  concentrations  shall  not  exceed  three  (3)  times  the 
average  concentration  limits  specified  herein. 

6.  Variances  from  concentration  limits  specified  herein  shall 
be  permitted  only  if  (a)  the  contributing  source(s)  is  a 
noncontrollable,  natural  source,  (b)  best  available 
treatment  is  provided  for  manmade  discharges,  and  (c)  the 
exposure  received  by  affected  population  groups  is  within 
established  dose  limits. 


* 


A-52 


I 


EXHIBIT  16  (Cont.) 


Class  1A 


The  quality  of  this  class  of  waters  shall  be  such  that  its  uses 
shall  be  the  same  as  those  identified  for  Class  1,  except  that  treat¬ 
ment  for  municipal  use  may  also  require  softening  to  meet  the  chemical 
requirements  of  the  North  Dakota  State  Department  of  Health.  The 
physical  and  chemical  criteria  shall  be  those  for  Class  I,  with  the 
following  exceptions: 


Substance  or  Characteristics 


Limitation 


Chlorides 

T.D.S.(l) 

Sodium 


175  milligrams  per  liter 
1000  mg/1 

602  of  total  cations  as  milliequiva- 
lents  per  liter 


(1)  TDS  limits,  due  to  natural  conditions,  may  exceed  the  specified  amounts 
during  periods  of  low  flows. 

(2)  Turbidity  and  color  limits,  as  specified,  may  be  exceeded  during  periods 
of  runoff  from  heavy  rains  or  during  spring  snow  thaw  periods. 
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Ml  1  I  CAT  ION  SllMHES  FOR  TliE  PROPOSED  RESERVOIR 
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The  mitigation  acreage  of  16,000  acres  recommended  by  the  I'.S. 
Fish  and  Wildlife  Service  (FWS)  was  arrived  at  through  the  use  of  non¬ 
monetary  habitat  evaluation  criteria  essentially  as  presented  in  the 
January  1974  draft  of  the  Ecological  Planning  and  Evaluation  Procedures 
(EPEP). 


1 ne  EPEP  were  developed  by  the  National  Coordinating  Committee 
for  Fish  and  Wildlife  Conservat ion  in  Federal  Water  Development  Programs 
and  were  presented  in  a  preliminary  draft  in  January  1974.  The  Committee 
was  composed  of  members  representing  Federal,  State,  and  private  wildlife 
organizations.  The  EPEP  were  developed  in  an  effort  to  identify,  in  a 
non-monetary  manner,  the  fish  and  wildlife  resources  in  a  given  area  and 
to  evaluate  probable  impacts  on  them  that  would  result  from  developments. 
A  quantification  of  those  Impacts  is  required  under  the  Principles  and 
Standards  for  Planning  Water  and  Related  Land  Resource  Projects  developed 
by  the  Water  Resources  Council.  A  non-monetary  method  was  used  because 
tiie  value  of  roost  wildlife  cannot  be  completely  quantified  in  terms  of 
hunter  and  f ishermen-days,  the  traditional  approach  to  assessing  benefits 
and  losses  resulting  from  a  proposed  project. 

A  brief  description  of  the  EPEP  contained  in  the  January  1974  draft 
follows.  This  description  is  limited  to  the  terrestrial  evaluation 
methodologies  since  the  key  issue  seems  to  be  habitat  losses  and  since 
losses  primarily  occur  to  the  terrestrial  component  with  water  resources 
pro  jects . 

1.  A  team  of  wildlife  biologists  is  formed.  Team  members 
represent  the  construction  agency,  the  FWS,  and  the  State  game  and  fish 
agency.  Team  members  should  have  a  good  familiarily  with  the  project 
area's  ecological  characteristics. 

2.  Working  from  lar„e-scale  aerial  photographs,  the  project 
area  Is  divided  into  areas  of  more-or-iess  discrete  habitat  types 
(upland  hardwoods,  grasslands,  croplands,  etc.). 

J.  Team  members  develop  a  list  of  wildlife  species  that  ire 
representative  of  the  project  area.  They  also  develop  sets  of  criteria 
for  each  species  which  will  be  used  to  evaluate  the  ability  of  existing 
habitat  types  to  fulfill  living  requirements  (food  and  cover)  of  the 
representative  species. 

4.  The  team  conducts  a  field  evaluation  to  determine  the  existing 
value  of  each  habitat  type  for  each  of  the  representative  species. 

An  average  habitat  unit  value  per  acre  is  then  calculated  for  eacii  habitat 
type  based  on  the  field  evaluations. 

5.  The  total  number  of  habitat  units  in  the  project  area  is 
calculated  by  multiplying  the  average  habitat  unit  value  per  acre 
for  each  habitat  type  by  the  total  acreage  of  that  habitat  type. 
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6.  Future  conditions  representing  "with"  and  "without"  project 
conditions  are  evaluated  in  terms  of  habitat  units.  The  difference  in 
habitat  units  between  these  two  futures  represents  the  benefits  that 
accrue  because  of  the  project  or  the  losses  that  require  compensation 
or  mitigation. 

7.  The  amount  of  land  required  to  replace  the  number  of  habitat 
units  lost  is  determined  by  dividing  the  number  of  habitat  units  lost 
by  the  mitigation  potential  of  the  replacement/mitigation  lands.  The 
mitigJtlve  potential  is  the  difference  between  the  existing  habitat 
unit  value  per  acre  (1  to  10)  and  the  value  that  could  be  obtained 
through  intensive  habitat  management  (assumed  to  be  10  for  the  present 
study). 


8.  For  the  proposed  project,  the  average  annual  habitat  units  lost 
were  calculated  by  the  USFWS  to  be  17,904.  The  mitigative  potential  on 
the  replacement/mitigation  lands  was  1.3  (the  difference  between  the 
existing  value  of  8.7  and  a  maximum  value  of  10).  The  mitigation  acreage 
required  was  calculated  as  13,772  acres,  i.e.  17,904  divided  by  1.3. 

This  value  was  Increased  by  25  percent,  to  cover  certain  contingencies 
that  are  discussed  below,  and  resulted  in  a  value  of  17,215  acres.  How¬ 
ever,  based  on  previous  recommendations  and  after  consulting  the  North 
Dakota  Game  and  Fish  Department,  the  USFWS  recommended  a  mitigation 
value  of  16,000  acres.  Essentially,  this  value  includes  a  contingency 
factor  of  about  16  percent. 

The  acreage  recommended  to  mitigate  wildlife  losses  that  would  occur 
because  of  the  proposed  project  is  considered  a  planning  estimate  and 
is  consistent  with  the  level  of  precision  required  of  other  project 
details  during  the  current  study  phase. 

The  present  mitigation  study  was,  by  necesrlty,  an  abbreviated 
implementation  of  the  EPEP.  Areal  photography  of  the  area  was  very  limited 
vnd  was  of  minor  significance  in  deliniatlng  habitat  types.  Downstream 
effects  of  the  project  were  not  assessed  because  of  time,  monies  and  man¬ 
power  limitations  and  because  of  uncertainties  with  reservoir  operating 
procedures.  Effects  of  recreation  developments  were  not  evaluated 
because  of  late  stage  changes  in  the  magnitude  of  these  developments. 

In  addition,  the  EPEP  were  new  and  the  evaluation  team  experienced 
some  problems  in  interpreting  the  procedures. 

If  the  proposed  project  is  authorized  and  funded  for  additional 
study,  a  more  detailed  evaluation  of  the  effects  on  fish  and  wildlife 
resources  of  the  area  will  be  Initiated.  This  study  would  consist  of 
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large  scale  aerial  photographs  and  habitat  type  maps,  more  extensive 
field  evaluations,  considerations  of  recreation,  a  more  detailed 
evaluation  of  the  operating  plan,  and  a  more  realistic  determination 
of  the  mitigation  potential  of  proposed  mitigat ion/replacement  lands. 
This  restudy  would  significantly  Increase  the  level  of  precision  for 
the  mitigation  requirements.  However,  the  concensus  of  the  St.  Paul 
District  is  that  the  16,000  acres  is  justified  based  on  the  informal io 
presently  available. 
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